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Almost from the time chemical compounds were first 
evaluated for evidence of germicidal activity, the labora- 
tory testing procedure has involved one basic principle, 
the addition of bacterial culture to a solution of the 
germicide, with the removal of aliquot portions at 
specified time intervals to determine bacterial survival. 
Near the turn of the century, Rideal and Walker (1903) 
made parallel tests on various concentrations of phenol 
simultaneously with other disinfectants, and were 
probably the first to attempt standardization of testing 
conditions. This resulted in the introduction of phenol 
as a basis for comparison of other germicides. It was 
several years later that Reddish (1926), utilizing more 
advanced knowledge on such conditions as temperature, 
the number of bacteria, the age and resistance of bac- 
terial cells, the nature and amount of culture medium, 
and the time of exposure, developed what is now known 
as the F.D.A. phenol coefficient test. This procedure 
was established as an official test by the U.S. Food and 
Drug Administration (1931). 

Although the phenol coefficient test has remained 
until today as the only ‘‘official’”’ yardstick by which 
chemical germicides have been given a numerical value 
of bactericidal potency, it is argued by most workers in 
the field that this procedure is inappropriate for com- 
pounds other than phenolic derivatives (IKlarmann and 
Wright, 1946; Pressman and Rhodes, 1946; Bernstein 
et al., 1946). Before condemning this procedure, it 
would seem desirable to investigate the purpose for 
which the test is made. In the case of the quaternaries, 
the phenol coefficient procedure has been used as a 
control test for the quality of newly manufactured 
material or in the establishment of buyer and seller 
specifications. It has also had widespread usage as a 
research tool in the testing of new compounds. In the 
latter instance there can be no dispute that the test 
offers a good basis for comparing the bactericidal ac- 
tivity of a group of quaternary ammonium compounds. 

Before determining whether or not the phenol co- 
efficient test is a suitable vehicle for quality control 
work, it would be well to define what is needed in a good 
test method. It would seem appropriate that it meet the 
following requirements: (1) simplicity, (2) inexpensive- 
hess, (3) accuracy, (4) reproducibility, (5) usefulness 
over a range, and (6) relation to the service the product 
is to perform. It is obvious that the phenol coefficient 
test meets requirements 1, 2, and 6. There is a possible 


criticism against the test under requirement 5, in that 
although it may be used against a variety of bacteria, 
its application is questionable when chemical com- 
pounds other than phenolic derivatives are investigated. 
In order to determine its suitability in this respect and 
whether it meets the other two requirements of accuracy 
and reproducibility, the investigation reported herewith 
was undertaken. 


Procedure 


The quaternary ammonium compound under con- 
sideration in this work was alkyl (Cy-C);) tolyl methyl] 
trimethyl ammonium chloride! which is manufactured 
as a 50 per cent aqueous concentrate, and which has an 
established minimum phenol coefficient value of 125. 
Routine phenol coefficient tests against Salmonella 
typhosa were conducted upon each manufactured lot. 
Anyone connected with the phenol coefficient testing 
realizes the large number of ‘‘skips’’ and ‘‘wild plusses”’ 
obtained when this procedure is used on quaternary 
ammonium germicides, and how the results may vary 
on a given compound when tests are made on different 
days. For these reasons an attempt was made to resolve 
the following questions: 

1. Is day-to-day variation abnormal? 

2. Does a quaternary ammonium = germicide 

possess a concentration /effectiveness ratio simi- 

lar to that obtained with other types of chemi- 
cals by other laboratory procedures? 

3. What is the distribution of results at various 
concentrations of a quaternary as compared to 
phenol? 

4. How many repeat determinations should be con- 

ducted to: (a) avoid the possibility of accepting 
a batch of material with a (so-called) phenol co- 
efficient below the accepted minimum, or (b) 
avoid the possibility of rejecting a batch as 
unsatisfactory whose (so-called) phenol co- 
efficient is above the accepted minimum? 

The calculations represented in this report were 
based on phenol coefficient test results obtained over a 
3-year period on all plant batches of alkyl (C9-Cis) 
tolyl methyl trimethyl ammonium chloride—50 per 
cent aqueous. 


1 Hyamine 2389—registered trade mark of Rohm & Haas 
Co., Philadelphia, Pa. 
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Control Chart Method of Analysis and 
Presentation of Data 


(American Society for Testing Materials, 1951) 


For a constant system of chance causes, the averages, 
X, the standard deviations, ¢, the values of fraction 
defective, p, or any other functions of the observations 
of a series of samples will exhibit statistical stability of 
the kind that may be expected in random samples from 
homogeneous material. The criterion of the quality 
control chart is derived from laws of chance variation 
for such samples, and the method of analysis may be 
used for the distinct purpose of discovering whether 
values of X, ¢, p, ete., for several samples of n observa- 
tions each, vary among themselves by an amount 
greater than should be attributed to chance. 

One of the essential features of the control chart 
method is what is referred to as breaking up the data 
into “rational subgroups”’; that is, classifying the ob- 
servations into subgroups within which the variations 
may be considered to be due to non-assignable chance 
causes only, but between which the differences may be 
due to assignable causes whose presences are suspected 
or considered possible. 

The general technic of the control chart method is to 
determine whether an assignable cause of varation is 
present in a given set of observations by: 

(a) Classifying the total number of observations into 
k rational subgroups having m, m2, --- nm, observations, 
respectively. Subgroups should be of equal, if practica- 
ble, and preferably not smaller than n = 4. 

(b) For each statistic (X, 0, R, p, ete.) to be used, 
constructing a control chart with control limits in the 
manner indicated in subsequent sections. 

(c) If one or more of the observed values of X, ca, 
R, p, ete., for the k subgroups fall outside the control 
limits, taking this fact as an indication of an assignable 
cause. 

The control chart for individual observations has 
been found particularly useful in process control when 
only one observation is obtained per lot or batch of 
material or at periodic intervals of the process. Its 
purpose is to discover whether the individually observed 
values differ from the expected value by an amount 
greater than that which should be attributed to un- 
controlled and normal variations. 

When there is no definite basis for grouping the data, 
the control charts may be based on the variation be- 
tween batches. A measure of this variation is obtained 
from moving ranges of two observations (the successive 
differences between individual observations which are 
arranged in chronological order). The control chart for 
individua's, using moving ranges of two observations 
with no standard given may be established from the 
observed data as follows: 


Central Line Control Li its* 


For individuals X X + 2.65R 

For moving range of two ob- R 3.27 Rando 
servations 

Where Y = average of individual observations and 


R = mean moving range, the average of succ: ssiye 
differences between individual observations 


* 


= 3-sigma control limits 


From the data obtained from the three years of 
testing, the following calculations were made on the 10- 
minute killing dilution and the phenol coefficient values 
for 139 lots of alkyl (C -Cis) tolyl methyl trimethy! 
ammonium chloride (50 per cent) which were manu- 
factured: 


Central Lines 
Killing Dilution 
2,124,750 


Phenol Coefficient 
°25,076.2 


For X¥: ¥ = = 15,285.97 X= =n 
or A: X 130 15 9.97 \ 139 180.4 
. = 361,75 i 293.: 

For R: R = M17 _ 9 601.38 Sn ee nes 

138 138 
Control Limits 
(n = 2, NX = +E.R) 
For XV: X + 2.66 R = X + 2.66R = 
15,285.97 + 180.4 + 


(2.66) (2,621.38) = 
22,258.8 and 8,313.1 


(2.66)(31.1) = 
263.1 and 97.7 
For R: DsR and DR = 
(3.267) (2,621.38) 
and (0)(2,621.38) = 
8,564.0 and 0 


DsR and DsR 
(3.267) (31.1) 
and (0)(31.1) 
101.6 and 0 


The foregoing analysis indicated that only two of the 
139 batches produced and tested during the 3-year 
period were beyond the normal control limit for indi- 
viduals, and only one of these two was ‘‘out of control” 
at an undesirably low value. These results are, however, 
only as critical as the test method and, if a method is 
not particularly critical, then a process may be similarly 
subject to wide variations without being recognized as 
such. It was worthy of notice that several (6) other 
batches were below the desired phenol coefficient level 
of 125, but were still considered to be within the ‘‘control 
limits” for the process. The data also indicate an average 
phenol coefficient of 180.4 for the 139 batches. 


Determination of the True Value for the 
Phenol Coefficient 


A pooled sample of alkyl (Cy-Ci5) tolyl methyl! tr- 
methyl ammonium chloride (50 per cent) was tested by 
the phenol coefficient procedure on 9 different days. 
From these data, the standard deviation (S), coefficient 
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of variation (V), and 98 per cent confidence levels were 
calculated from the basic formula for variance (S?): 


gt _ UK - Xi)’ _ @X-X,)’ 
; N-1 N(N — 1) 
' Ql ATERNARY PHENOL PHENOL 
bay ganuio | senutiss | coperictnn 
1 17,500 85 | 205 
2 17,500 85 205 
3 17,500 80 219 
4 12,500 90 139 
5 15,000 8 | 176 
6 10,000 90 111 
7 15,000 80 187 
8 17,500 85 205 
9 15,000 80 | 187 
Total (2) 137 , 500 760 1,634 
Average (X) 15,278 84.44 181.55? 
Standard Deviation 2,640 3.91 35.23 
(S) 
Coefficient Variation 17.28 4.63 19.4 
(V) | 
98% Confidence Levels 17,918 and) 88 and| 216.8 and 
12,638 80.5 146.3 


The foregoing calculations showed that whereas the 
average phenol coefficient value appeared to have 
marked stability, the large standard deviations, and 
wide control limits which allowed phenol coefficient 
values to vary from 97.7 to 263.1 indicated that this 
procedure was not particularly well adapted as a control 
test. It appeared advantageous, therefore, to develop a 
test procedure which would insure quality standards. 


Development of an Improved Procedure 

It was assumed that the testing of germicides was 
similar to that of testing biological products, that is, 
the bacteria in one test tube were considered in the same 
manner as one guinea pig, one rat, or one dog is con- 
sidered an individual in determining the effects of a new 
drug, chemical, or foodstuff. With such an assumption, 
a series of dose-effect experiments will establish the 
characteristic toxicity of a germicide for a species of 
bacteria, and the relationship between two toxic chemi- 
cals against the same organism. 

With the establishment of a dosage/per cent effect 
curve, it then became a matter of formulating efficient 
test dosage and acceptance criteria for quality control 
purposes. As stated earlier, the primary purpose was to 
obtain an evaluation procedure giving improved re- 
producibility and accuracy or, rather, one with a smaller 
standard deviation so that the variation in the method 
will be significantly lower than the variation in the 
product. 

?' This value of 181.55 is remarkably close to the 180.4 ob- 
tained for the 3-year period. 
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In order to reduce the statistical computations to a 
minimum, the recently published method of Litchfield 
and Wilcoxon (1949) was used in developing both the 
dose-effect curves and the relationship of the quaternary 
germicide to phenol. The method is an approximate one, 
but it is believed to be satisfactory for the purpose. 

After the dose-effect curves were established, it was 
relatively simple, by referring to the method of Church- 
man and Epstein (1946), to determine the best dosage 
and number of replicate tests to be conducted at that 
dosage. 

In reviewing the literature, references were found to 
the effect that the test organism would change its 
resistance characteristics with time. Some skepticism 
was encountered concerning the belief that micro- 
organisms could be considered as stable test media. To 
establish or allay this possibility, a variance study was 
instituted to determine the influence of day-to-day 
variation as well as the method of preparing the test 
concentrations on the germicidal effectiveness of the 
quaternary. 

In one experiment a separate and complete determi- 
nation was made for both the quaternary and phenol 
on each of nine days extending over a 2 and !4 week 
period (See table under section, ‘‘Determination of the 
True Value for the Phenol Coefficient”). In another 
experiment nine separate tests were conducted on the 
same day using only one weighing of the quaternary and 
one set of dilutions from this weighing. A third experi- 
ment was conducted in which nine separate tests were 
conducted on one day from nine separate and complete 
weighings and dilutions. In this manner it was hoped to 
establish whether the method of preparing the test 
dosage, or the day-to-day variation influenced the 
results. The data so obtained (table 1) was subjected to 
an analysis of variance and the results (table 2) indicate 
that the method of undertaking the evaluation does not 
significantly influence the results. In other words, over 
the time range investigated, it is not possible to state 
that the organism has varied enough in its resistance 
characteristics to the quaternary to alter the results. 

All of the foregoing tests were conducted using a 
simple pooled sample of the quaternary representative 
of average production over a considerable period of time. 
It is interesting to note for this sample that the follow- 
ing results were obtained: 


AVERAGE 
PHENOL 
COEFFICIENT 


STANDARD 
DEVIATION 





9 determinations each on a different 


ATs tie 3 peat arrange oes 181.55 35.23 
9 separate determinations all con- 

ducted on the same day............. 183.78 36.5 
9 determinations conducted on the 

same day from same set of dilutions. . 162.22 19 
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In the experiments conducted as a group on one day, 
the determination for phenol was not made in replicate. 
Examination of the values for the standard deviation 
would lead one to suspect that the variation occurring 
in making the test solutions is an important uncon- 
trolled experimental variation, and one that should be 
investigated more completely. 

It is also interesting to note that the standard devi- 
ations for the separate determinations on each of 9 


TaBLe 1. Number of tubes (out of nine) showing growth at five 
dosage levels over three time intervals and three 
methods of replicating results 


METHODS OF REPEAT 


TIME INTERVALS 
Same Day and 


Separate Days Same Day Tet Solatinn 


5 Minutes 

1:10,000 6 6 5 

1:12, 500 6 8 6 

1:15,000 9 9 9 

1:17, 500 9 9 9g 

1:20,000 9 9 9 
Total 39 11 38 


10 Minutes 











1:10,000 0 0 1 
1:12,500 1 1 1 
1:15,000 2 2 2 
1:17,500 5 7 5 
1:20,000 9 & ~ 
Total 17 18 17 
15 Minutes 
1:10,000 0 0 0 
1:12,500 0 1 
1:15,000 2 1 0 
1:17,500 3 1 2 
1:20,000 6 6 4 
Total. . 12 8 7 





TABLE 2. Analysis of variance 
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different days is greater than the standard dev: tion 
obtained over the three years of testing produ ‘tion 
batches. In other words, use of the present Assoc :.:tion 
of Official and Agricultural Chemists (A.O.\.C,) 
method does not provide either a buyer or a seller with 
a device for insuring uniform quality within practical 
limits. In this particular instance, the evaluatio pro- 
cedure has more inherent variation in it for the most 
part than does factory production. 

When the analysis of variance indicated that no 
significant difference exists among the data obtained in 
the three sets of experiments, it was considered permis- 
sible to place all of the data into one group. The data 
thus accumulated were then evaluated as a dose-effect 
experiment according to the method of Litchfield and 
Wilcoxon (1949). Only those observations made at the 
10-minute interval were used, and one departure from 
the basic methodology was accepted, of necessity. In 
the present work, the dosages are not at a constant 
ratio from one to the next as is assumed in the deriva- 
tion of the method. It is believed, however, that such a 
violation of the procedure is not a serious one (Wil- 
coxon, 1953). In the future studies every effort should be 
taken to space the increased dosage levels at constant 
ratios from each other. Tables 3 and 4 contain the results 
of this analysis, and figures 1 and 2 give the graphic 
representation. 

The parameters and factors of the two dose effect 
curves may be summarized as follows: 





QUATERNARY PHENOL 
EDs» 0.0000625 0.0114 
SEDs, : selene 1.073 1.03 
S try eae ete 1.263 1.065 
Faun Pathe ica eee etal oo 1.085 1.025 
The slope ratio (S.R.) = Si/S2 = 1.263/1.063 = 


1.188. The S.R. of 1.188 is 





SUMS OF 
SQUARES OF 
DEVIATIONS 


CONTRIBUTION 





Methods of Repeat.............. 1.4 3 
ReeeO BUUBPVOIS. «5. osc sse sss 294.7 3 
Dosaee Tevels. .......55.<.. ae 178.6 5 
Methods X Time Intervals........ 2.5 2 
Methods X Dosage Levels....... 3 2 
Mme DC MP OSBIN. ..... 6 onc sn secon oe 44.6 2 
Methods X Time X Dosage = Residual. . 9.5 2 xX 





DEGREES OF FREEDOM 


OK Ne 


gir tag si ed SIGNIFICANCE TEST AND LEVEL 
1=2 sf 1.18 Not at 5 per cent 
1=2 147.35 248 Yes at > 1 per cent 
1 = 4 44.65 75.4 Yes at > 1 per cent 
2=4 .625 1.05 Not at 5 per cent 
4=8 . 1625 3.65 Yes, inverse at 5 per cent 
4=8 5.575 9.4 Yes at 1 per cent 
xX 4= 16 .59375 
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Total 


TT oe 
Mean square deviation of residual 
(Snedecor. 1950) 





3X3xX5-—1= 44 


Mean square deviation of each individual contribution 
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1.089, and therefore the deviation from parallelism is 
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significant at the 5 per cent level. The values are, how- 
ever, too close to be positive evidence of non-parallel- 
ism. Several other lines, therefore, were drawn for both 
phenol and the quaternary, and in no instance was it 
possible to find a better fit as measured by the (chi)? 
eriteria.® 

Accepting the foregoing findings (with a risk of about 
| chance in 20 of being in error), the lines for phenol 
and the quaternary are not parallel. This means that the 
results for the quaternary and phenol are not at a fixed 
ratio regardless of effectiveness level. It is, therefore, 
improper and incorrect to use the term phenol co- 
efficient as though it were a potency factor and constant 
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Fig. 1. Relationship of the dose concentration of alkyl 


tolyl methyl trimethyl ammonium chloride and the per cent 
kill of Salmonella typhosa in 10 minutes plotted on logarithmic 
probability paper. 


over a wide range and number of test organisms. These 
lactors may be more readily appreciated from the fol- 
?Rather than ignore the possibility of parallelism, a calcu- 
lation for the potency ratio (P.R.) was made as follows: 
PR. = EDs50,/EDso. = .0114/.000065 = 182.0 
fer. = 1.1 (from nomograph 4 of Litchfield and Wilcoxon, 
1949) 


The P.R. of 182 exceeds fp.x. of 1.1, therefore the two germi- 
tides differ significantly in potency. The 95 per cent confidence 
limits for P.R. of this particular pooled sample of quaternary 
are 165.5 and 200 that of phenol. 
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lowing table constructed from the lines for each 
germicide: 








EFFECTIVENESS PHENOL QUATERNARY sacesncene 
LEVEL CONCENTRATION CONCENTRATION shears 
COEFFICIENT 
50 .O114 .0000625 182 
80 | .012 . 000076 158 
90 .0123 - 000084 146 
95 .0128 - 000092 139 
98 .0130 - 000102 127 
99 .0131 .000108 121 
99.5 .0133 .000115 116 
99.4 
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DOSE CONCENTRATION 


Fic. 2. Relationship of the dose concentration of phenol 
and the per cent kill of Salmonella typhosa in 10 minutes plotted 
on logarithmic probability paper. 


INTERPRETATION OF THE DATA 


There are two features of a test method and evalu- 
ation procedure which are of prime interest in establish- 
ing control of a product’s quality. The first is establish- 
ing that condition which will flash a warning signal to 
indicate the time when a product begins to waver in its 
average quality or uniformity, and the second is know- 
ing to what extent that quality has been changed. 

Conventional quality control plans are ineffective 
in the evaluation of germicides. For example, currently 
used procedures are based on the thesis that the killing 
dilution of a quaternary can be accurately established 
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and compared to the killing dilution for phenol. By 
referring to the data, and particularly the graphs, it 
may be seen that the highest concentration of phenol 


TABLE 3. Dose-effect results on alkyl (C5-Ci5) 


tolyl methyl trimethyl ammonium chloride 





| Salmonella ty phosa KILL 




















NO OBSERVED ( : 
SE iG€_€E=et . MINUS “HI)? 
_ | ALIVE/TESTED | Per cent Per cent expecta — 
Observed Expected 
.0001 1/27 96.3 97.8 1.5 0.0095 
.00008 3/27 88.9 85.0 3.9 0.011 
0000667 6/27 | 77.8 68.0 9.8 0.0425 
.0000571 7/27 37.0 35.0 2.0 0.0016 
00005 25/27 7.5 17.0 9.5 0.06 
K=5 _ N’ = 81 n=3 0.1246 
/N’ =9 Tests/Dose = 27 
ED,, .000079 1.264 (chi)? = 3.36) Hetero. 
ED.) .0000625 1200 (chi)*, = 7.82{ Not Significant 
ED,, .0000495 — 
2.526 R= = = 2.( 
2.526 -00005 
S = = 1.263 
. A = 1.095 
_ wy fe = AMX4/EX9 = (1 ,095)8/9 
Den = S279 = §-38 = 1,073 / 
Fes "| f, = 1.085 


ED50 = .0000625 (.0000667 to .0000586 ) 
S = 1.263 (1.164 to 1.373) 


TaBLE 4. Dose-effect results on phenol 


| 
Salmonella typhosa KILL , 
= OBSERVED 

















aad ALIvE/TESTED ~ Per cent Per cent EXPECTED seed 
Observed | Expected 
0.0118 7/19 63.2 64.0 0.8 000275 
0.0111 10/19 47.4 32.0 15.4 105 
0.0105 18/19 | 5.3 7.0 a ( .00425 
0.0100 19/19 0 (0.48) 1.4 0.92 00625 
0.0095 19/19 0 (0.03) 0.1 0.07 -0005 
K= 5 N’' = 38 n= 3 . 116275 
/N’ = 6.1644 Tests/Dose = 19 
agian (chi)? = 2.209 | eter. 
EDs -O114 1 056 (chi)% = 7.82 /"0) en 
ED, .0108  -  Bivias 
2.126 
0.0118 
2.126 R= — = 1.243 
S =~ = 1.063 0.0095 
, A = 1.019 


fenso = S?-77/V38 = §- = 1.032) fy = AlOX4/5V38 = 1.019 
fe = 1.025 


EDso = .0114 (.0117 to .0111) 
S = 1.063 (1.04 to 1.09) 


ordinarily used (1:80 or 0.0125 per cent) will probably 
be ineffective (allow growth to occur) in 5 out of 100 
tubes run as replicates. Since such a possibility exists, 


G. R. GODETCHIUS AND H. GRINSFELDER 


it is easy to realize that a large number of replicate 
tests must be conducted to make reasonably ceriain 
that the reaction of a particular organism to phetiol is 
normal. 

Improved methods for establishing quality coitrol 
procedures have been suggested. Churchman and Ep- 
stein (1946) emphasize that greater efficiency is possible 
by designing tests of increased severity. In the present 
instance, a test having increased severity would be 
achieved by use of a dosage level that would be more 
definitive as to acceptance or rejection than the mere 
specification level of a minimum phenol coefficient of 
125. 

Using a double dichotomy, and the (chi)? distribution 
it may be calculated that there is a significant difference 
(at the 5 per cent level) between a test of 27 tubes 
having 23 with no growth and a test of 10: tubes showing 
5 with no growth. This has been derived by first calcu- 
lating the 98 per cent confidence levels for dosages 
expected to give a 10-minute kill of 84 per cent. In the 
case of alkyl (Cy-C,;) tolyl methyl! trimethyl ammonium 
chloride 


fens, = antilog V (log f.7])? + (log f ep;.)* 
at 84 per cent effect, X = 1 and 
fen,, = antilog (log 1.085)? + (log 1.073)? = 1.114 


.000079 
‘114 
.0000708 and the upper limit of concentration = 
000079 X 1.114 or .000088. 

It may be concluded that for material similar in 
action to the particular pooled sample, a dosage concen- 
tration of .000088 (or approximately 1:11,400) would 
produce a kill in 84 out of 100 tests. Considering that 
our conclusions have been based on 27 observations, 
84 per cent or 22.65 no-growth tubes would be normal. 

Since it is desirable that no more than 10 separate 
determinations be made on each production batch, it 
has been indicated that 5 tubes containing growth is 
sufficient to reject a batch at the 95 per cent level 
(actually 96.5 per cent) by use of the following double 
dichotomy: 





The lower limit of concentration or 


NO GROWTH | GROWTH 


TEES Pe ener en en ee 25 
New Production. 


This procedure has therefore been adopted using a 
dilution of 1:11,400 and making it up from fresh ma- 
terial 10 individual times and conducting a 1-tube 
test for each of the 10 individual dilutions. Batches are 
accepted if 6 or more show no signs of growth. If 5 or 
more tubes allow growth of the test organism, the 
process is considered to have gone out of control. Before 
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warning the production department, a similar set of 10 
tests are conducted on phenol to make certain that the 
organism has not altered in its resistance. 

This revised procedure has only recently been in- 
augurated, and at the present time tests are still being 
performed additionally by the standard A.O.A.C. pro- 
cedure. After a sufficient number of tests have been 
made by the revised method, another paper will be 
published detailing the results. It is hoped, however, 
that others in the same field will be encouraged to make 
use of the revision, and perhaps offer suggestions as to 
its improvement. 


SUMMARY 


An investigation has been undertaken to develop an 
improved test procedure for evaluating the bactericidal 
effectiveness of alkyl (Cy-C,;) tolyl methyl trimethyl 
ammonium chloride (50 per cent). In the course of this 
investigation, the quality of plant production for the 
period 1949 to 1951, inclusive, was within the area de- 
fined by the application test procedure and production 
during this period had an average phenol coefficient 
of 182. 

The variation in results obtained on repeat determi- 
nations done on separate days was found to be no 
greater than normal within-a-day variation; hence it 
was concluded that replicate determinations made 
simultaneously would be worthwhile in defining the 
phenol coefficient value more accurately. 

A study of both phenol and the quaternary am- 
monium compound as to bactericidal activity over a 
range of concentrations has shown that the two ma- 
terials are not similar in their behavior. Based on this 
observation, it is believed to be incorect to speak of a 
phenol coefficient value for quaternaries. 

A pooled sample of the quaternary (obtained by mak- 


ing up a mixture composed of samples from many 
batches) shows that at the 98 per cent level or lower it is 
on the average 127 times as potent as phenol. Indi- 
vidual batches are conceivably both worse and better 
than this value. 

An improved test procedure has been suggested for 
distinguishing between individual batches which are 
equal to or better than this 127, or are worse than it. 
The test procedure suggested requires running only one 
concentration but simultaneously conducting 10 tests 
at the one time interval of 10 minutes. 
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Salmonella rank first as a source of food poisoning 
outbreaks in England according to Conybeare (1949) 
and second only to Staphylococcus in this country, 
according to Feig (1950). The principal foods responsible 
for salmonella food poisoning in order of importance 
are as follows: meats, poultry products, bakery prod- 
ucts, milk products, and vegetables. Salmonella 
typhimurium accounts for about twenty five per cent of 
all the salmonella food poisoning outbreaks according 
to Feig (1950). 

Schneider and Gunderson (1949) and Felsenfeld and 
Young (1950) have reported that salmonella may be 
found on and in poultry meat. Husseman and Wallace 
(1951) have shown that the cooking process may not 
always destroy all of the salmonella. Feig (1950) has 
reported that probably two to five per cent of the people 
are carriers of this pathogen. There are ample oppor- 
tunities for salmonella to be present in a product like 
chicken salad, which contains several ingredients which 
may carry this organism and is subject to much handling 
in the process of preparation. 

Our objectives in this study have been to study the 
environmental conditions of time, temperature, and pH 
on the increase of bacteria, and especially Salmonella 
typhimurium in chicken salad. 


EXPERIMENTAL PROCEDURE 


Chicken salad. The general recipe of Fowler and West 
(1946), with certain modifications, was used. The salad 
consisted of ten pounds of cooked and chopped chicken, 
six quarts of diced celery, one half cup salt, five cups 
salad dressing, two cups pickle relish, and two dozen 
eggs. In some trials two or four times the above amounts 
of material were used. The salad dressing and pickle 
relish were commercial preparations. The salad dressing 
consisted of egg yolk, vegetable oil, cereal, vinegar, 
sugar, salt, distilled vinegar, peppers, spices, and alum. 
No special precautions were followed, other than good 
sanitary kitchen practices, in preparing the salad. 

Inoculations. Each batch of salad was divided into 


1 This study was made possible by a grant-in-aid from the 
Poultry and Egg National Board to the Ohio State University 
Institute of Nutrition and Food Technology. 

2 Department of Poultry Science. 

3 Department of Bacteriology. 

4 Director, Dietary Department, University Hospital. 
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two lots, one of which was inoculated with Salmonella 
typhimurium and the other held as the uninoculated 


control. A twenty-four hour tryptose broth culture of 


Salmonella typhimurium, which had been obtained from 
a food poisoning outbreak, was used. It was diluted | 
in 100 with sterile physiological saline and added a few 
milliliters at a time with mixing by hand with the aid of 
sterile rubber gloves. A sufficient quantity was added to 
provide 3,000 to 197,000 bacteria per gram of salad. 

Temperature records. The salad and room tempera- 
tures were recorded by thermocouples inserted in the 
center of the mass of salad and connected to a Leeds 
and Northrup automatic temperature recorder. 

The pH. The pH of the salad was determined witha 
Leeds and Northrup® potentiometer on the 1 in 10 
dilution remaining after plating for bacterial counts. It 
was determined as soon as the salad was prepared and 
after various holding periods of time and temperature. 

Bacterial examination. Bacterial counts were made by 
taking a spoonful from various locations in the con- 
tainer with a sterile longhandled spoon. The spoonfuls 
of salad were mixed in a sterile jar. Nine times as much 
sterile distilled water as salad, by weight, was added, 
giving a | in 10 dilution. The mixture was thoroughly 
blended. Duplicate dilution plates were poured for 1 in 
10, 1 in 1,000, 1 in 100,000, and 1 in 10,000,000 dilutions, 
or in some instances less, depending on the number oi 
bacteria expected. 

The standard plate (total) bacterial counts were 
made on Bacto tryptone glucose extract agar and the 
salmonella counts on Bacto SS agar as used by Botts 
et al., (1952). The SS agar was quite inhibitory, permit- 
ting the counting of only a small per cent of the sal- 
monella known to be present. However, we were intet- 
ested in the influence of time and temperature on 
changes in numbers and concluded that relative nun- 
bers would suffice for our study. The plates were incu- 
bated at (98.6 F) 37 C for 48 hours before the counts 
were made. Only colonies that were black or had black 
centers were counted on the SS agar plates. 


RESULTS 


Trials 1 and 2. Shallow pans (24 x 12 x 4 in) of inocu- 
lated and uninoculated salad were prepared and held 


5 Leeds and Northrup Company, Philadelphia, Pa. 
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alternately for 6 hours at kitchen temperature (80 F or 
26.7,C) and 18 hours in a refrigerator (41 F or 5 C) on 


TABLE 1. Changes in bacterial counts and pH of 
shallow pans of chicken salad held under 


different conditions 


TOTAL BACTERIA SALMONELLA 


HOLDING CONDITIONS 
faces: | Conteot | ener | Com 
TRIAL 
Tempetature “—_ oH Log of Log of Log of Log of 
Count Count Count | Count 
F Cc 
1 80 26.7 0 5.7 4.3 4.6 0 
80 | 26.7 6 5.2 4.3 | 5.2 
4] 5.0 18 5.7 — 4.8 
80 26.7 6 5.9 4.3 4.8 
4] 5.0 18 5.8 4.6 4.1 
SO 26.7 6 5.9 4.8 4.7 
4] 5.0 18 5.9 1.6 4.1 
80 26.7 6 6.0 4.4 4.4 
2 SO 26.7 0 6.0 $.6 1.7 0 
80 26.7 6 6.1 1.4 5.2 
1] 5.0 18 6.0 1.5 | 4.8 
80 | 26.7 6 6.4 5.2 | 4.7 
4] 5.0 18 6.3 5.1 4.4 
80 | 26.7 6 6.8 5.3 4.8 
4] 5.0 18 7.0 5.3 4.4 
SO 26.7 16 ia 5.3 4.7 
3 72 22.2 0 5.6 5.1 $.1 4.0) 0 
75 23.9 12 5.5 1.8 a 3.5 
76 24.4 24 5.5 | 6.5 6.0 3.7 
78 25.6 36 5.0 7.2 6.9 5.0 
78 25.6 48 4.6 7.9 8.6 5.9 
79 =| 26.1 60 S| 9:3 8.6 | 3.7 
80 26.7 72 1.3 9.0 9.0 3.0 
3 $2 5.6 0 5.5 5.0 4.1 3.9 0 
} 5.6 12 5.7 Ly 4.1 3.3 
42 5.6 24 5.5 $.9 4.2 3.3 
42 5.6 $6 5.5 1.7 4.1 3.0 
42 5.6 18 5.4 ae | 4.0 3.3 
42 5.6 60 5.5 4.8 4.0 | 3.0 
2 5.6 72 5.5 4.8 3.9 3.0 
1 75 =| 23.9 0 5.7 5.7 5.5 | 4.2] 0 
75 23.9 12 5.7 5.8 5.7 4.1 
42 | 22.2 24 5.6 ya 6.9 | 4.2 
75 23.9 36 5.4 8.7 8.2 4. 
75 23.9 48 4.4 9.2 9.1 5.2 
75 «| 23.9 60 4.4] 9.2 9.2 | 3.5 
75 23.9 72 1.4 8.9 Oo Is 
4 5.6 0 5.7 5.7 5.5 4.1 0 
5.6 12 5.5 | 5.7 5.6 3.7 
2 5.6 24 5.5 | 5.5 5.7 4.0 
2 5.6 36 5.4 5.7 5.5 | 4.0 
42 5.6 48 5.5] 5.5 5.5 | 3.8 
42 5.6 60 5.4 5.6 5 3.5 
42 5.6 72 5.5 | 5.5 5.5 | 3.3 


three successive days. The 6 hours at kitchen tempera- 
ture was chosen to simulate the maximum time and 


temperature that the salad would probably be held 
without refrigeration the day served. The 18 hours in 
the refrigerator were intended to simulate holding con- 
ditions where the salad might be held over for use the 
next day. The second and third day holding conditions 
were carried out to determine what bacterial changes 
might take place in the salad. The data have been 
summarized in table 1. 

There was no marked increase in the total or sal- 
monella counts during the three day holding period. The 
salmonella increased slightly when held 6 hours at 
(80 F) 26.7 C. 

Trials 3 and 4. Since there was no marked multipli- 
‘ation of salmonella in shallow pans of chicken salad 
held alternately at room and refrigerator temperatures 
over a three day period (trials 1 and 2), it was decided 
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Fic. 1. Changes in bacterial content and pH of a shallow 
pan of inoculated chicken salad held 72 hours at (72 to 80 F) 
22.2 to 26.7 C (trial 3). 


to follow the bacterial changes in similar pans of salad 
held continuously at room and refrigerator tempera- 
tures during a three day period. The data obtained 
have been summarized in table 1 and figure 1. 

The inoculated salad held at room temperature 
showed a big increase in total and some increase in 
salmonella bacterial counts by the end of 36 hours. As 
the total bacterial counts increased, the pH of the salad 
decreased. This was accompanied by a decrease in sal- 
monella when the pH reached about 4.4. Wethington 
and Fabian (1950) have reported poor survival of these 
organisms at pH 4.5 to 4.7 and in the presence of acetic 
acid, conditions somewhat similar to the chicken salad 
toward the end of the holding period. The salad held in 
the refrigerator (42 F or 5.6C) declined slightly in 
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total and salmonella bacterial counts but the pH re- 
mained constant. 

Trials 5 and 6. Since the bacterial counts did not show 
a marked increase in shallow pans of chicken salad 


TaBLE 2. Changes in bacterial counts and pH of large 
batches of chicken salad when held under different 
temperature and time conditions 


TOTAL BACTERIA SALMONELLA 


HOLDING CONDITIONS 


Inocu- Inocu- | Con- 



































lated Control lated _ trol 
TRIAL 
a | Tine | ot | Set | Teset Hoel tect 
F Cc 
Hr 
5 75 |23.9| 0 |56| 5.4 | 5.1 | 4.1] 0 
7523.9) 6 |5.6| 5.4 | 5.3 | 3.9 
35 | 1.7| 18 |5.6| 5.6 | 5.2 | 4.0 
77 | 25.0; 6 |5.5/| 5.8 | 5.5 | 4.0 
36 | 2.2) 18 |5.6| 5.4 | 5.5 | 4.0 
75 |23.9| 6 |5.6| 5.5 | 5.1 | 3.9 
35 | 1.7| 18 |5.6| 5.6 | 5.2 | 3.5 
6 70 | 21.1) 0 |5.6|] 5.2 | 4.4 |3.8] 0 
70 |21.1| 6 |5.7| 5.0 | 4.2 | 3.6 
35 | 1.7| 18 |5.7| 5.0 | 4.1 | 3.6 
6 |183| 6 |—| 5.0 | 4.1 | 3.6 
35 2.7 18 5.8 5.0 4.1 3.8 
71 |21.7| 6 |5.7| 5.1 | 4.1 | 3.6 
35 | 1.7] 18 |5.7| 5.1 | 4.0 | 3.6 
7 45 | 7.2) 0 6.7 | 5.2 |5.3| 0 
45 | 7.2| 6 6.3 | 5.3 | 5.6 
45 | 7.2) 19 6.7 | 5.2 | 5.4 
81 | 27.2) 12 62; — |54 
49 | 9.4] 12 6.2 | 5.1 | 5.4 
87 306 9 6.1 | 5.4 | 4.7 
8 so ias| @ 5.5 | 4.0 |3.9| 0 
82 | 27.8| 6 5.7 | 4.8 | 3.4 
82 | 27.8) 24 8.1 | 7.9 | 2.5 
47 | 8.3| 12 8.7 | 8.3 | 2.3 
47 | 8.3| 12 oa | OF (33 
73 22.8 24 8.8 8.8 1.30 
9 70 21.1. 0 5.7 | 4.2 |3.7| 0 
© |21.1| 8 5.5 | 5.1 | 4.0 
70 21.1 20 8.8 | 8.2 | 4.0 
46 | 7.8) 12 is) a7 hee 
86 30.0 23 9.4 | 9.4 | 3.0 
10 46 | 7.8| 0 5.0 | 4.1 |3.5| 0 
46 7.8 8 4.8 4.8 4.0 
46 7.8, 20 5.2 | 4.7 | 3.3 
82 27.8 12 7.2 | 6.6 | 3.8 
48 | 8.9| 2 8.6 | 7.8 | 3.0 


when held alternately at room and refrigerator tempera- 
tures during a three day period (trials 1 and 2), it was 
decided to study the bacterial changes in larger lots of 
salad when held under similar conditions. Ten pound 
amounts of inoculated and control chicken salad were 
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placed in aluminum bowls. Thermocouples were jn- 
serted in the center (4”) of the masses of salad anil the 
temperatures recorded on the automatic recorde:. The 
samples were examined for total and salmonella b::terig 
and pH at the end of each holding period. The data 
have been summarized in table 2 and figure 2. 
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Fig. 2. Temperature and bacterial changes in a 10 pound 
inoculated bowl of chicken salad held alternately at (75 F 
20 C for six hours and under refrigeration at (35 F) 1.7 C for 
18 hours on three successive days (trial 5). 
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Fig. 3. Temperature and bacterial changes in a 30 pound 
can of inoculated chicken salad held alternately at room and 
refrigerator temperatures (trial 8). 


There was no appreciable change in total or sa: 
monella bacterial counts or pH under alternate kitche! 
and refrigerator holding conditions. This was probable 
because the salad was not warm enough for sufficiet! 
length of time to promote rapid bacterial growth. Smith 
and Martin (1948) reported that salmonella grow ®! 
temperatures ranging from (69.8 to 104 F) 21 to 40C. 
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Trials 7 to 10. Since small lots of salad did not show 
any marked change in bacterial content when held 
alternately at room and refrigerator temperatures 
(trials 1, 2, 5, and 6), it was decided to hold larger lots 
of salad at higher temperatures and for longer alternate 
periods of time. Thirty-pound frozen food cans of 
inoculated and control salad were prepared and held 
wnder various conditions. The cans were 10 inches in 
diameter, making the center of the salad 5 in from the 
outer surface. In these trials five different salmonella, 
representing three of the most common of the serological 
groupings were used. They were as follows: Salmonella 
kentucky, S. oranienburg, s. pullorum, S. gallinarum, and 
S. typhimurium. The cultures were grown separately in 
iryptose broth and combined just before the inoculation. 
foom and salad temperature changes were recorded. 
Four different holding conditions were studied. The 
data have been summarized in table 2 and figure 3. 

The standard plate bacteria increased rapidly when 
the cans of salad were held between (70 and 88 F) 21.1 
and 30 C for about 12 hours. Similar results were ob- 
tained in trials 3 and 4. The salmonella did not multiply. 
Inall the trials (7 to 10) there were fewer salmonella at 
the end of the holding period than at the beginning. 

The pH of several lots of chicken salad including those 
reported in trials 3 to 6 ranged from 5.5 to 5.7 at the 
time of preparation. When the holding time and tem- 
perature were favorable for standard plate bacteria 
multiplication, the pH and also the salmonella bacterial 
count declined. The salmonella may have been unable to 
compete with the acid forming bacteria for survival in 
the salad or the acidity developed in the medium may 
have been unfavorable for their survival and multi- 
plication. Porter (1946), Smith and Martin (1948), 
Wethington and Fabian (1950) and others have reported 
that a favorable pH range for growth of salmonella is 
between 6.5 and 8.0. Acetic acid, one of the ingredients 
in the chicken salad, is also inhibitory to salmonella 
acording to Wethington and Fabian (1950). 

It is interesting to note that a thirty-pound can of 
chicken salad did not quite reach the temperature of 
the holding room within 24 hours when changed from 
the refrigerator to the kitchen and vice versa. 
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SUMMARY 


Shallow pans (4 in) of chicken salad reached the 
approximate temperature of the room in which they 
were placed in 3 hours when moved from a kitchen at 
(80 F) 26.7 C to a refrigerator at (45 F) 7.2 C and vice 
versa. It required 6 hours for a ten-pound bow] of salad 
and more than 24 hours for a 30-pound can of salad to 
reach the temperature of the holding room when moved 
from the kitchen to the refrigerator and vice versa. 

Standard plate and salmonella bacterial counts did 
not show any appreciable increase in shallow pans of 
chicken salad held alternately 6 hours in a kitchen at 
(80 F) 26.7 C and 18 hours in a refrigerator at (41 F) 
5 C during a three day holding period. Both the stand- 
ard plate and salmonella bacterial counts increased 
rapidly during the first 36 hours when held continuously 
in a kitchen at (72 to 80 F) 22.2 to 26.7 C for three days. 

As the bacterial content increased in the chicken 
salad the pH declined from 5.6 to 4.3. 

Chicken salad, as prepared in this study, with a pH 
of 5.5 to 5.7, was not a good medium for the growth of 
Salmonella typhimurium and other Salmonella. 
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Urethanes have marked physiological activity in 
plants and animals. Lefevre (1939) found that phenyl 
urethane affects wheat germination, and subsequently 
Templeman and Sexton (1946) showed that a variety of 
urethanes suppress the germination of wheat and oats 
without affecting charlock. The most active urethanes 
(for example, isopropylphenylcarbamate, ethylphenyl- 
carbamate) are effective at a concentration of a few 
parts per million. These arylearbamic esters are known 
to affect mitosis in cells and this fact led to an investi- 
gation of urethanes as possible inhibitors of tumor 
growth. Haddow and Sexton (1946) obtained positive 
results in animals with isopropylphenylcarbamate, 
ethylphenylearbamate and ethyl urethane, though the 
last is apparently inactive in plants. Ethyl urethane is 
used in the treatment of leukemia (Patterson et al., 
1946), but in mice its administration gives rise to lung 
tumors (Larsen and Heston, 1945; Larsen, 1947). These 
effects of urethane take place at much smaller concen- 
trations than those required to bring about its well 
known narcotic affects. Esterases are inhibited by 
urethanes (Stedman and Stedman, 1931, 1932), the in- 
hibition of choline esterase by such urethanes as eserine 
and prostigmine being well known. Schweitzer, Sted- 
man and Wright (1939) conclude that the urethane 
grouping is essential for esterase inhibition. 

Meyerhof (1916) showed that urethanes inhibit the 
respiration of nitrite oxidising organisms, the in- 
hibitory power increasing with increasing size of the 
aliphatic radicle; for example, methyl urethane, in- 
hibits the oxygen uptake of these organisms by 50 
per cent at a concentration of 0.3m, but isoamyl 
urethane is equally effective at a concentration of 
0.022m. Ethyl urethane also inhibits respiration of 
isolated pure cultures of Nitrosomonas by 42 per cent at 
a concentration of 0.016 and gives 4 per cent inhibition 
of Nitrobacter respiration at a concentration of 0.11M. 
The inhibitory effect of urethane was confirmed by 
Lees and Quastel (1946), who found, however, a higher 
sensitivity of the process of nitrification to ethyl 
urethane in soil culture. The inhibitory effect of ethyl 
urethane on soil nitrification was also shown to be 
reversible. Quastel and Scholefield (1949) pointed out 
that while 0.01m ethyl urethane completely suppresses 
the nitrification of 0.01M ammonium chloride in garden 
soil for about twenty days, the subsequent rate of 
nitrification proceeds normally. The final nitrate 


nitrogen recovered, however, accounts for 80 per cent 
of the total nitrogen of the ammonium chloride aid of 
the ethyl urethane. Urethane perfused by itself, js 
ultimately metabolized by soil organisms. Moreover, 
urethane at low concentrations (10-*m) greatly inhibits 
nitrate formation from ammonium ions on perfusion 
through a fresh soil, but at a concentration of 
3.6 X 10-*m it inhibits by only 50 per cent the rate of 
oxygen uptake due to ammonium ion oxidation in an 
enriched soil. At a concentration one tenth that re- 
quired to produce a definite inhibition of the rate of 
oxygen uptake, ethyl urethane secures almost complete 
inhibition of proliferation of the ammonia oxidising 
organisms in soil. The conclusion was drawn (Quastel 
and Scholefield, 1949) that ethyl urethane, at low con- 
centrations, interferes with some aspect of ammonia 
metabolism essential for the development of these 
organisms. 

Although ethyl urethane at a concentration of 
3 X 10- inhibits the growth of the ammonia oxidising 
organisms, and at 36 X 10-‘M inhibits by 50 per cent 
their rate of ammonia oxidation, a concentration of 
2,000 X 10~‘m is required to inhibit the respiration of 
rat brain cortex of 50 per cent (Jowett, 1938) and a 
concentration of 300 X 10-‘M inhibits guinea pig brain 
respiration by only 20 per cent and does not affect 
yeast respiration at all (Quastel and Wheatley, 1932). 

Quastel and Scholefield (1951) conclude from. the 
results obtained on perfusing mixtures of ammonium 
chloride and ethyl urethane through soils that nitrif- 
cation of such mixtures takes place only when organisms 
capable of breaking down the urethane have developed 
in the soil. 

It is the purpose of this paper to describe the effects 
of various urethanes on soil nitrification and to show 
that, in the presence of ethyl urethane, organisms de- 
velop in soils which possess an enzyme capable 0 
attacking ethyl urethane probably with the formation 0! 
ethanol (cf. Skipper et al., 1951). 


METHODS 


The technique adopted has been fully described else- 
where (Quastel and Scholefield, 1951) and therefore will 
not be given in detail. Briefly, the method of investi- 
gation was that of continuous perfusion in the dark al 
21 C of a neutral solution containing ammonium chlo- 
ride and/or ethyl urethane through a column of 30 ¢ 
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air-dried crumbed soil (2-4 mm crumbs) under con- concentration. The presence of a phenyl group in 
ditions of optimal aeration and water saturation but carbanilates is not itself responsible for high toxicity, as 
with no waterlogging. The rates of conversion of am- ethyl carbanilate produced a shorter lag period (6.5 
monium ions to nitrate were measured, the methods of days) than that due to ethyl carbamate. Ethyl N- 
analysis of samples from the soil perfusion apparatus isopropyl carbamate produced a 6-day lag period com- 
being those previously described (Quastel and Schole- pared with the 32 days obtained with isopropyl car- 
field, 1951). banilate. It seems, therefore, that the ability of the 
Manometric studies were carried out with the con- substituted carbamates to inhibit nitrification is a fune- 
ventional Warburg manometric apparatus using soils tion of both substituents, R and R!. A substituted ure- 
cent § enriched or saturated with nitrifying organisms or with thane having a high inhibitory effect on nitrification of 
id of § organisms capable of oxidising ethyl urethane. The ammonium ions in soil is eserine which is an ester of 
if, is § process of adapting such soils for manometric investi- N-methyl carbamic acid. Typical results with eserine 
over, gations has been described in detail (Quastel and are shown in table 2. It proves to be at least ten times 
\ibits § Scholefield, 1951). as effective as ethyl urethane in inhibiting ammonium 
1sion ion oxidation in a fresh garden soil. . 
j TABLE 1. Effects of varying urethanes (0.0033 m), 
te of on rates of nitrification of ammonium chloride TABLE 2. Effects of eserine at various concentrations 
saa (0.01 m) on nitrification of 0.01 mM NH;Cl 


it re- TIME IN DAYS a a 
URETHANE USED IN PRESENCE OF 0.01M a sper 70 ESTIMATED CONTENTS OF PERFUSATE* say aca 13 DAYS 
ite of NH:Clt ean LAG PERIOD PERFUSION 
plete NITROGEN 
lising 0.01 M NHACI.. cesta 74 
sad None 0.01 m NH,Cl + 0.001 per cent Eserine. 65 
~ ‘Isopropyl carbanilate CsH;NH- 0.01 m NH,Cl + 0.003 per cent Eserine.. . 51 
con: CO-OCH(CHs): ster 0.01 m NH.Cl + 0.01 per cent Eserine.. .. 33 
nonia § Ethyl-N-butyl carbamate C,Hy- 0.01 m NH,Cl + 0.03 per cent Eserine.... 19 


these NH-CO-OC2H; : 0.01 m NH,Cl + 0.05 per cent Eserine.. 17 
ithyl carbamate NH.-COOC:H; 


Ethyl carbanilate C;H;NH-CO- * 30 g fresh soil at 21 C. 
m OR OCH; 


dising Ethyl - N - isopropyl carbamate TABLE 3. Effect of CMU(CI-CoHy-NH-CO-N(CH;)2) 


r cent (CH;)»CH-NH-CO-OC.H 
‘on of @ Ethyl-2-eyclohexyleyelohexyl car- 
bamate C.Hi:-CsHio- NH-CO: 
OC.H : . , ‘ € CONTENTS OF PERFUSATE* ug NITRITE FORMED/ML 
‘Oetvl-cyclohexyl carbamate CsHn:- 
brain NH-CO-OC\H; eee ns 2 
affect, § ‘Octyl-N-phenyl-carbamate C,yH;- bane cae 2 
ies moos. 10-? m NH,Cl + 3.3 X 10°? CMU... 5 


on nitrite formation from ammonium chloride in 
fresh soil 

ion of 

and a 


» 7 5 St aa ee s * —3 Tae eee a, avs at 2 ae 
m the * used in suspension. 10-3? m NaClO; present throughout. 10 days at 21 C; 30g 
onium 730 g soil at 21 C. soil. 
nitrifi- . igen ee ee we 
ute adie Comparison of Inhibition of Nitrification with Herbicidal 

sms LvESULTS - SS alae Sa 
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cial . 7 
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effects ‘arbanilate, having high herbicidal activities, have 
» show Aseries of urethanes R- NH-CO-OR', including ethyl marked inhibitory effects on the nitrification of am- 
ms de- § wethane NH.-CO-OC.Hs, was perfused in the presence monium ions in soil. On the other hand, a powerful 
ble of §0f0.01m NH,Cl through soil. Their effects on the length inhibitor of soil nitrification, ethyl urethane, has but 
tion of ol the lag period before nitrification of the ammonium little herbicidal activity. There is, therefore, no com- 

ion commenced was determined from the period required plete parallel between the inhibition of nitrification and 

toproduce 70 ug/ml nitrate-nitrogen. Typical results are the herbicidal action of the urethanes. There may be, 

shown in table 1. however, some connection between these two properties 
xd else: The most active compounds in the series were ethyl- of the urethanes, since the most active of them as 
ore will f\-butyl carbamate and isopropyl-carbanilate. Even herbicides tend to be the most active inhibitors of 
nvesti- § though the latter was used as a 3.3 X 10-*m suspension nitrification. The substituted ureide known as CMU 
lark at it produced a thirty-two-day lag period before nitrifi- (Cl-CsHy- NH-CO-N(CH3)2), which is a powerful 
n chlo § ation of ammonium chloride began. Ethyl carbamate herbicide, is also a powerful inhibitor of soil nitrification. 
of 30¢§ \urethane) caused an eleven-day lag period at this Typical results with CMU are shown in table 3. 
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Nitrate Formation from Urethanes possibly due to the action of heterotrophic organisins in 
Ethyl urethane and other carbamic esters are con- utilizing the liberated ammonia vl its oxidation rrod- 
verted to nitrate in fresh soil after lengthy lag periods. ucts. The final rate of nitrification Is quite constant 
It has already been shown (Quastel and Scholefield, during sacecamve perfusions and, once established, may 
1949) that urethane may be so converted, and the be used for kinetic studies. 7 
results given in figure 1 show the effects of perfusing soil The cthorts of perfusing substituted urethanes alone 
and in admixture with ethyl urethane over soils en- 
riched by successive perfusions of ethyl urethane are 
shown in table 4. None of the substituted urethanes 
studied was immediately converted to nitrate at a rapid 
rate by the ethyl urethane enriched soil. Thus organisms 
which develop in soil in response to the presence of 
ethyl urethane and which are able toattack it, givingrise 
to nitrate, are not immediately capable of converting 
to nitrate the other urethanes investigated. On the other 
hand the presence of various urethanes (for example, 
isopropyl N-phenyl carbamate, ethyl-N-butyl car- 
bamate, and ethyl-N-isopropyl carbamate) greatly 
inhibits the rate of nitrate formation from ethy! 
urethane (table 4). 
The mechanism of this inhibition is not yet estab- 
DAYS lished. The inhibitory urethane may act by competing 
with ethyl urethane for the enzyme responsible for the 


120r 








Fig. 1. The nitrification of 0.01 m ethyl urethane by enriched Reln® hi | ‘ we 
soils. Each value is the average of the results of twelve experi- initial attack on this substance, or it may act by in- 
ments carried out at the same time. hibiting the nitrification of ammonium ions liberated on 


TABLE 4. Effects on rates of nitrate formation of perfusing substituted urethanes (R-NH-COOR!) together with ethylurethan 
(NH--COOC2H;) through a soil,t enriched with organisms capable of converting ethyl urethane to nitrate. 


| 
RATE OBTAINED RATE OBTAINED WITH | RATE OBTAINED WITH | (3) EXPRESSED 
WITH ETHYL R-NH-COOR! (2) AS PERCENTA E| MIXTURE OF ETHYL =| Qe pe pcentack 
URETHANE ALONE ALONEt OF (1) |URETHANE + URETHANE | (1) 
(1) (2) | R-NH-COOR! (3)t | = 
| 


405 | *1.465 104 
.016 *0.996 98 
.598 0.076 5 
669 — 

882 | 0.037 

.185 | — 

.956 0.053 

. 243 — 

405 | 0.045 

511 — 

.032 | 0.091 

.357 — 

. 203 | 0.033 

.364 | — | 

.950 **>0.65 >33 
473 | — — 
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*i.e. Value found on reperfusion. ** Lag period = 6 days. *** Lag period = 6.5 days. 
+ 30 g soil. Duration of experiment 8 days at 21 C. 
t Rates expressed as ug NO’;—N formed per ml perfusate per hour. 


with ethyl urethane, after several previous perfusions breakdown of ethyl urethane. If the first explanation 
with this substance. For two days nitrate formation correct, then the enzyme first attacking ethyl urethane 
proceeds slowly; it then increases rapidly and finally possesses a high degree of specificity. If the secon 
proceeds at a constant rate. This type of result is not explanation is correct, it is apparent that nitrifying 
confined to ethyl urethane but is typical of the course of organisms may retain their ability to oxidise ammoniul!! 
nitrate formation from most organic nitrogen com- ions in presence of excess of ethyl urethane but not I! 
pounds that have been studied. The initial low rate is presence of the other urethanes investigated. Thus 2! 
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isin @ acquired resistance to ethyl urethane would not imply 
rod- @ an acquired resistance to other urethanes. 
tant 7 r 
a Course of Breakdown of Ethyl Urethane by 
" Soil Microorganisms 
lone The breakdown of ethyl urethane, on perfusion 
; ep- @ through soil, is a biological process. This is shown by 
» are @ the fact that the lengthy lag period preceding the 
‘anes @ conversion of urethane to nitrate is shortened by the 
rapid § introduction into a fresh soil of a small quantity of a 
iisms @ soil capable of rapid breakdown of ethyl urethane. The 
ce of @ effects on the rates of nitrate formation from ethyl 
igrise @ urethane of such inoculation with varying quantities of 
rting § enriched soil are shown in figure 2, where the logarithm 
other @ of nitrate-N production on perfusion of ethyl urethane 
mple, 
car- 2.00r 
reatly 0” 
. 4a 
ethy! , 
fe) 
estab- 1.60b 
peting ; ad 
‘or the 6 (péNO, - N/m!) , 
by in- - Fa 
ted on ° 
1.20- 
Lie 
Ps 
(PRESSED F 
(CENTAGE rn — 
6.39——— . : ‘ 
a : 10 12 
DAYS 
Fic. 2. The effect of size of the inoculum of enriched soil 
on the rate of nitrate formation from 0.01m ethyl urethane in 
102 afresh soil. 
= © 1.0 g Inoculum 
{ @ 2.0 g Inoculum 
O 4.0 g Inoculum 
61 A No inoculum, showing values obtained at 26th and 28th 
: days. 
114 : : 
through soil is plotted against time. It will be seen that 
98 there is a linear relationship, a result to be expected if 
: the nitrate formation is due to proliferation of micro- 
7 organisms (Quastel and Scholefield, 1951). Further, the 
#58 initial rates of nitrate formation are increased when the 





size of the inoculum of enriched soils is increased and the 
various lines in figure 2 are parallel to each other. The 
last fact indicates that the rate of proliferation of the 
uitrifying organisms is a constant under the experi- 
mental conditions. 
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MANOMETRIC RESULTS 






Some indication of the mode of breakdown of ethyl 
urethane in soil is obtained from a manometric study 
of soils enriched with organisms capable of forming 
hitrate from this substance. Such soils are obtained by 
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repeated perfusion of a soil with ethyl urethane 
(0.01M) until constant rates of nitrification are obtained. 

The rates of oxygen uptake by enriched soils in the 
presence of ammonium chloride and of various quanti- 
ties of ethyl urethane are given in figure 3. The rates of 
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Fig. 3. Oxygen uptakes due to the addition of various sub- 
strates to a soil enriched with ethyl urethane decomposing 
organisms. Final volume of fluid added to 1.5 g wet soil is 2.0 
ml in all cases. 

© 1.0 ml 0.011m Ethyl urethane added. 

@ 0.5 ml 0.011mM Ethyl urethane added. 

© 0.25 ml 0.011m Ethyl urethane added. 

A 1.0 ml 0.01m Ammonium chloride added. 





TaBLE 5. Oxygen consumption at 37 C by 1.4 g soil, 
enriched with organisms converting ethyl urethane 
to nitrate 


EXPERI- | 


caer || SUBSTANCES ADDED TO THE SOIL | TIME | a 

| be. | 

1 | 2.0 ml water = 47 
| 1 ml 0.011 methyl urethane + 1 ml | 1 134 
| water | 
| 1ml0.011 Methanol +1mlwater | 1 175 
| 1 m1 0.011 methanol + 1 ml 0.011 m . 185 
| ethyl urethane | 
| 1 ml 0.011 mM acetaldehyde + 1 ml 1 137 
| water 
| 1 ml 0.011 m acetaldehyde + 1 ml 1 142 

0.011 m ethyl urethane 

2 | 2.0 ml water 2 83 
| 1.0 ml 0.011 m ethyl urethane + 1.0 2 265 
| mil water 
| 1.0 ml 0.01 m ethylamine (neutral) 2 81 
| + 1.0 ml. water 
| 1.0 ml 0.01 methylamine + 1.0 ml 2 223 


ethyl urethane 





oxygen consumption are greater with urethane than 
those obtained with an approximately equal or larger 
concentration of ammonium chloride. This is to be 
expected if the oxygen uptake due to the combustion of 
the organic moiety of ethyl urethane is additive to that 
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due to oxidation of liberated ammonia. The optimal 
rate of oxygen consumption with ethyl urethane is ob- 
tained with a concentration of 0.005m. 

Using low concentrations of ethyl urethane it is pos- 
sible to estimate the amount of oxygen consumed for 
the conversion to nitrate of 1 mole ethyl urethane. 
For example, the oxidation of 1.0 ml 0.001m ethyl 
urethane required 68 ul oxygen. This corresponds to an 
uptake of 6 atoms oxygen per mole ethyl urethane and 
is in accordance with the following equation: 


NH,-COOC2H; + 302 
= CO, + HNO; + CH;COOH + H.O 


A likely method of breakdown of ethyl urethane 
would be a preliminary hydrolysis to ethanol, ammonia 
and carbon dioxide, followed by oxidation of ethanol to 
acetic acid and of ammonia to nitric acid. If this mode 
of breakdown takes place, then ethanol should be oxi- 
dised to acetic acid by a soil enriched with ethyl 
urethane decomposing organisms. The results shown in 
table 5 indicate that ethanol is oxidised by such an en- 
riched soil at a greater rate than is ethyl urethane, and 
this rate is not increased on admixture of ethyl urethane 
with ethanol. Moreover, the oxygen consumption found 
with ethanol corresponds to two atoms oxygen per mole 
of ethanol or the amount required for oxidation to 
acetic acid. Addition of sodium acetate to an enriched 
soil leads to little or no increased rate of oxygen uptake. 

The addition of acetaldehyde, at concentrations 
similar to those used with urethane and ethanol, also 
leads to an increased rate of oxygen uptake, the rate 
being about that obtained with urethane and is not 
increased on addition of urethane (table 5). The amount 
of oxygen consumed amounts to one atom of oxygen per 
mole acetaldehyde which again corresponds to acetic 
acid formation. 

Thus the rates and amounts of oxygen consumed by 
ethanol and acetaldehyde in presence of soils enriched 
with organisms oxidising ethyl urethane are in accord- 
ance with the view that the urethane undergoes a pre- 
liminary hydrolysis to ethanol which is then oxidised to 
acetic acid. 

It is unlikely that ethyl urethane first undergoes de- 
carboxylation to ethylamine, since the addition of 
ethylamine to an enriched soil does not lead to any 
increased rate of oxygen consumption (table 5). 
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SUMMARY 


The inhibitive effects of a series of urethanes on the 
nitrification of ammonium ions in fresh soil have been 


investigated. The most active compounds of the -eries 
are ethyl-N-butyl carbamate and isopropyl carbaniilate, 
Eserine is also highly effective, being ten times more 
active than ethyl urethane. 

The ureide, Cl-CgHy-NH-CO-N(CHs3)o, known as 
CMU is a powerful inhibitor of soil nitrification. 

Although there is no strict parallelism beivween 
herbicidal effects and inhibition of soil nitrification by 
urethanes, there is a tendency for the most powerful 
herbicides to have the most vigorous inhibitive eifects 
on nitrification in soil. 

Ethyl urethane and other carbamic esters are con- 
verted to nitrate in fresh soils after lengthy lag periods. 

Organisms that develop in soil in response to the 
presence of ethyl urethane and are capable of attacking 
it, are not immediately capable of attacking other 
urethanes. The presence of a variety of urethanes 
inhibits the rate of nitrate formation from ethyl 
urethane. 

Manometric studies of soils enriched with organisms 
attacking ethyl urethane indicate that such organisms 
attack ethanol and acetaldehyde. The amounts of 
oxygen consumed for the oxidation of ethyl urethane, 
alcohol and acetaldehyde are in accordance with the 
conclusion that acetic acid is the end product. Acetic 
acid is apparently not oxidised. Kinetic and stochio- 
metric evidence lead to the conclusion that ethy! 
urethane is first broken down by soil organisms to 
ethanol, ammonia and carbon dioxide, with subsequent 
formation of acetic and nitric acids. 
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In the warm, humid areas of the United States and of 
the world, mold or mildew prevention ranks as a major 
pest-control problem. Leather goods, clothing, foods, 
mattresses, painted walls, and even glass camera lenses 
are subject to the unsightly appearance, stain, damage, 
or musty odor associated with the growth of the lower- 
order plants belonging to the fungi and known popu- 
larly as mildew or mold. 

As has been mentioned previously in a discussion of 
the mildew problem (Block, 1946), mold requires for 
growth and proliferation certain essential physical and 
chemical conditions. These include satisfactory tem- 
perature, adequate moisture, sufficient oxygen, proper 
pH, and essential nutrients. Prevention of mold growth 
may be effected by restricting any of the above require- 
ments. Mildew may be controlled also by physical 
agents that destroy the organism, such as ultraviolet 
radiation and heat sterilization, and by chemical poi- 
sons called fungicides. The specific conditions best de- 
termine the method to be employed to prevent mold 
growth. In certain applications the control of moisture 
through regulation of humidity has proved to be most 
satisfactory (Block, 1951). This applies to the preven- 
tion of mildew in home closets, rooms, storage spaces and 
shipping units. 

At the request of the British Public Record Office, 
Groom and Panisset (1933) studied the conditions 
necessary for mildew to develop on materials used for 
book covers. Working with Penicillium chrysogenum, 
they noted that the minimum relative humidity for 
snore germination on glass was 81 per cent and for 
mildewing of leather and other book materials was 
72.8 per cent. Since it is obvious that mildew could 
hot he present unless the mold spores could germinate, 


Groom and Panisset suggest that the spores germinate 
at a lower relative humidity on book materials because 
of the presence of nutrients. Galloway (1935) reported 
that the minimum relative humidity permitting growth 
of molds varies from 75 to 95 per cent for different spe- 
cies; thus protection of materials is assured only if the 
atmosphere is below 75 per cent R.H. (relative hu- 
midity). Clayton (1942) found that some fungus spores 
germinate at 0 per cent humidity on glass, but these 
fungi are associated with plant diseases and not mil- 
dewing of inanimate objects. A report of the U. 8. Nat- 
ional Bureau of Standards (1947) states that at 85 per 
cent R.H., or less, no mildew growth on leather oc- 
curred, but that at 95 per cent R.H. there was heavy 
growth. Illman and Weatherburn (1947) made an ex- 
cellent study of the factors affecting the development 
of mold on various materials. They found no mold 
growth at 60 per cent R.H. and very little at 70 per 
cent R.H., but increasing amounts from 80 to 100 per 
cent R.H. 

To what extent does the moisture in the substrate 
determine mold growth as apart from the relative hu- 
midity of the atmosphere? How are different mate- 
rials affected under the same physical conditions of 
humidity and temperature? Galloway (1935) offered 
data to show that atmospheric moisture is more effective 
than moisture in the substrata for bringing about the 
germination of mold spores. For information on the 
second question, Smith (1942) states, ‘“‘If dry samples of 
pure wool and pure cotton are exposed to the same 
atmosphere the wool will take up approximately twice 
as much moisture as the cotton and, leaving out of ac- 
count differences due to chemical composition, the two 
samples will be approximately equally liable to mildew.” 
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According to Galloway (1935) the susceptibility of a 
material to mildew at a certain humidity is determined 
not by the nature of the material but by the type of 
fungi present. The following experimental work was 
begun in order to investigate and clarify further the 
relationship existing between humidity and the de- 
velopment of mildew. 


EXPERIMENTAL 


A number of materials differing widely in suscepti- 
bility to mildew and varying in their moisture-absorbing 
properties were selected for testing. These included 
leather (top shoe), cheese (American processed), wood 
(unpainted pine), wool (white flannel), cotton (heavy 
duck), and glass wool. The materials, where possible, 


TaBLE 1. Mixture of mold spores used for 
inoculating materials 

. Aspergillus repens 

. Paecilomyces varioti 

. Rhizopus arrhizus 

. Penicillium namyslowskii 

. Aspergillus niger 

. Aspergillus fumigatus 

. Penicillium spinulosum 

. Aspergillus terreus 

. Pencillium oxalicum 

. Pencillium luteum 

11. Pencillium pinophilum 

12. Myrothecium verrucaria 

13. Aspergillus flavus 

14. Gliocladium fimbriatum 


arNtoaourrk Who = 


_ 
oo 


TABLE 2. Saturated salt solutions employed to 
maintain constant humidity 


RELATIVE HUMIDITY SALT SOLUTION 


100 per cent H:0 


96 per cent K.SO, 

92 per cent NaH2PO, 
88 per cent BaCl. 

85 per cent KCl 

80 per cent NH,Cl 
76 per cent NaCl 


were cut into thin sections one inch square and treated 
by spraying with mold spores in water or Czapek-Dox 
broth. The mold spores (table 1) were the mixture pre- 
pared by the American Leather Chemists Association! 
for testing mildew resistance of leather. There are argu- 
ments favoring either the use of a mixture of molds or 
a single mold species; however, it was felt that the 
mixture would be more suitable for these tests since it 
more closely represented natural conditions. The 
spore-inoculated pieces were air-dried. They were sus- 
pended by heavy cotton thread in quart Mason jars, 
in the bottoms of which were saturated solutions of 
different salts (table 2) to provide different but constant 
atmospheric humidities. Taking Galloway’s figure of 
75 per cent R.H. for the minimum relative humidity 


1 University of Cincinnati, Cincinnati, Ohio. 


allowing mold growth, a series of humidities of 76, 80, 
85, 88, 92, 96, and 100 per cent was used in tests of all 
the materials. The Mason jars were closed and kept at 
85 to 90 F in the dark. The temperature was prevented 
from going below 85 F by a thermostated electric heater, 
At weekly intervals the samples were examined for the 
appearance of mildew. The extent of mold growth was 
estimated visually, employing an arbitrary scale from 
0 to 5. Each material was tested both with and without 
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Fic. 1. The equilibrium moisture contents of several mate- 
rials at 85 F and different relative humidities. 


the added nutrients supplied by the Czapek-Dox 
broth. 

The equilibrium moisture content of the materials at 
different humidities was determined by allowing the 
materials to remain at each humidity for several days at 
85 F. The samples were then heated at 105 C for three 
hours and the percentage weight loss determined. The 
data are plotted in figure 1. 

The moisture content of cotton duck was also varied 
by incorporating gum arabic and MgCl, into the 
cloth before exposure at various relative humidities. 
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TaBLeE 3. Mold growth on different materials at different humidities with and without added nutrients 





PER CENT HUMIDITY 
TIME IN 100 96 92 88 85 80 76 
WEEK: 








Added _| No Added | Added | No Added} Added | No Added| Added | NoAdded) Added | NoAdded Added NoAdded| Added | No Added 
Nutrients* Nutrientst Nutrients) Nutrients Nutrients Nutrients | Nutrients | Nutrients Nutrients Nutrients Nutrients Nutrients Nutrients | Nutrients 





Leather 
| 3t 0 5 3 0 0 0 0 0 0 0 0 0 0 
2 5 1 5 4 3 0 2 0 0 0 0 0 0 0 
3 5 3 5 5 5 0 0 0 0 0 0 0 0 
5 5 5 5 5 5 1 5 1 0 0 0 0 0 0 
20 5 5 5 — 5 — 3 _— 2 — 2 — 
52 5 5 - 5 5 — 4 — 4 — ~ 
Cheese 
= 2 Be ena : - 
| 5 5 5 5 5 4 4 4 2 1 0 | 0 | O 0 
2 5 5 5 5 5 5 5 5 5 1 0 | 0 | O 0 
3 5 5 5 5 5 5 5 5 5 4 0 4 0 0 
5 5 5 5 5 5 5 5 5 5 5 1 | 1 0 0 
20 5 5 5 5 5 - 2 1 — 
52 5 5 5 5 5 2 |- 1 — 
Wool 
ea . 
1 3 T 3 T 0 0 0 0 0 0 0 | Oo 0 0 
2 } } 4 ‘i 0 0 0 0 0 0 | 0 0 0 0 
3 5 ! 5 1 0 0 0 0 0 0 | O 0 0 0 
5 5 5 5 1 3 0 0 0 0 0 0 0 0 0 
20 5 5 3 - 1 — 1 — 0 = 0 | — 
52 5 5 4 4 1 0 — 0 : = 
Wood 
] 4 2 3 1 2 y's 2 0 0 0 0 0 0 0 
2 5 3 5 3 3 2 3 2 1 1 0 0 0 0 
3 5 3 5 3 3 2 3 2 1 1 0 0 0 0 
5 5 5 5 } 4 2 4 2 3 2 0 1 0 0 
20 5 5 4 — 4 — 3 = 0 — 0 2 
52 5 5 = 4 — 4 — 3 — 0 — 0 = 
Cotton 
] 3 3 2 0 0 0 0 0 0 0 0 0 0 0 
2 5 5 1 1 0 0 0 0 0 0 0 0 0 0 
3 5 5 } 1 0 0 0 0 0 0 0 0 0 0 
5 5 5 } 1 0 0 0 0 0 0 0 0 0 0 
20 5 4 — 0 — 0 — 0 0 = 0 = 
52 5 a) 0 0 — 0 — 0 — 0 — 
Glass Wool 
l 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 2 2 ] 1 0 0 0 0 0 0 0 0 0 0 
3 3 2 ] 1 0 0 0 0 0 0 0 0 0 0 
5 4 3 l 1 0 0 0 0 0 0 0 0 0 0 
20 5 ] — 0 = 0 — 0 — 0 — 0 — 
52 5 2 — 0 — 0 — 0 — 0 — 0 — 
* Mold spore mixture (as prepared by the American Leather Chemists Association) in Czapek-Dox broth. 
+ Mold spore mixture (as prepared by the American Leather chemists Association) in water. 
{ Visual scale of mold growth: 0—None, T—Trace, 1—Very light, 2—Light, 3—Extensive, 4—Heavy, 5—Very heavy. 
RESULTS is given in table 3. Table 4 gives the collected data from 
The mold growth on the different materials at differ- table 3 comparing the mildew on different materials 


ent humidities at intervals over a period of one year (with nutrients) after one year. 
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Table 5 demonstrates the influence of hygroscopic 
agents on the equilibrium moisture content of cotton 
and on the relative growth of mildew on this substrate. 
Table 6 gives data showing the effect of a fungicide 
on rate and extent of mold growth at different humidi- 
ties. Figure 1 presents the equilibrium moisture contents 
of the materials at the humidities employed in these 
tests. 

An examination of tables 3 and 4 shows that at 96 
to 100 per cent R.H. all the materials were susceptible 
to mold growth. At 92 per cent R.H. and below, how- 
ever, cotton and glass wool did not support mildew. At 
80 per cent R. H. there was no growth of mold on wool 


TaBLE 4. Mold growth on materials after one 
year at different humidities with added 
nutrients 


PER CENT HUMIDITY 


MATERIAL 

100 96 92 88 85 80 76 

- wr} - | 
eee eae 5° 5 5 5 4 4 | 4 
ee ee 5 5 5 5 5 2 1 
DE ee hoes annie xn 5 5 4 4 3 0 0 
eae 5 5 4 4 1 0 0 
0 A eee eee 5 5 0 0 0 0 0 
2 0 0 0 0 0 


Sisee WORL..........] & 
* Visual scale of mold growth: 0-None, T-Trace, 1-Very 
light, 2-Light, 3-Extensive, 4-Heavy, 5-Very heavy. 


TaBLe 5. Effect of hygroscopic agents on mold 
growth on cotton at different humidities 


EQUILIBRIUM MOISTURE 


CONTENT OF COTTON MOLD GROWTH IN 92 DAYS 


RELATIVE 
HUMIDITY 1 iy } x 1 ant 
Control | GUM | MgCl | Control | CU™ | MgCl 
% 7% /) 

100 25.9 27.8 42.0 5* 5 5 
96 13.2 16.4 31.8 2 5 5 
92 8.90 11.3 17.0 0 2 5 
85 7.90 10.3 13.3 0 0 0 


* Visual scale of mold growth: 0-None, T-Trace, 1-Very 
light, 2-Light, 3-Extensive, 4-Heavy, 5-Very heavy. 





very slight on wood, light growth on cheese, and heavy 
growth on leather. At 76 per cent R.H., after a period 
of a year, there was very light growth on cheese but 
heavy growth on leather. 

dé Observations on the rate of mold growth showed that 
cheese supported the most rapid growth, giving heavy 
growth in one week at as low as 88 per cent R.H. and 
in two weeks at 85 per cent R.H. Wood exhibited the 
next most rapid rate of growth, even though, as in the 
case of cheese, the extent of mold growth at the lower 
humidities was not so great as ultimately found with 
leather. The growth on glass wool was very slow, even 
at 100 per cent R.H., but at this humidity there was 
continuous growth until the sample was heavily covered 


with mold. The rate of growth on leather was gi.-ater 
at 96 per cent R.H. than at 100 per cent R.H. This was 
regularly observed and might be explained by the 
presence of water droplets, on the waxy leather su ‘face 
at 100 per cent R.H., interfering with the normal 


TaBLe 6. The effect of a fungicide on the ability oj 
mold to grow at different humidities 
Leather Substrate—o-phenyl phenol fungicide 




















porn tl EXTENT OF MOLD GROWTH AT PER CENT HUMIDITY 
OF 
ne! 465 | 96 | 92 | 88 | 85 | so | 6 
5 days 
: : | om 
0.00) st | 3 0 | 0 | Oo | 0 | 0 
0.01 5 2 0 So im iy 0 
0.10 4 0 0 0 0 0 0 
1.00 0 0 0 0 0 0 0 
11 days 
0.00 5 5 4 | 3 | 1 0 0 
0.01 5 4 3 1 3 | oO 0 0 
9.10 5 5 2 0 0 0 | A 
1.00 0 0 0 » | @ 0 0 
29 days 
| | j 
0.00 | 5 5 4 | 4 | 3 0 0 
0.01 | 5 5 4 | 4 | 2 0 0 
0.10 5 5 4 4 | 1 0 0 
1.00 0 0 0 0 0 0 0 
51 days 
0.00 | 5 5 5 5 tiates 
0.01 5 5 5 5 4 | 0 0 
0.10 5 5 5 5 2 | 8 0 
1.00 0 0 0 0 0 0 0 
100 days 
0.00 5 5 5 5 5 2 1 
0.01 | 5 5 5 5 4 : 0 
0.10 | 5 5 5 5 3 1 0 
1.00 | 0 0 0 0 0 0 0 
130 days 
0.00 5 5 5 5 5 4 2 
0.01 5 5 5 5 5 2 0 
0.10 5 5 5 5 4 3 2 
1.00 0 0 0 0 0 0 0 





* Visual scale of mold growth: 0-None, T-Trace, 1-Very 
light, 2-Light, 3-Extensivé, 4-Heavy, 5-Very heavy. 


growth of the mold. At 96 per cent R.H. there were no 
droplets of water collecting on the samples. Except for 
the leather and glass wool, the materials were suff- 
ciently porous to prevent the accumulation of water 
droplets. 

The effect of the added nutrients on the rate of mold 
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growth on the different materials is presented in table 3. 
With cheese there was very little difference in the rate 
of growth, indicating, as would be expected, an abun- 
dance of readily available nutrients. All of the other 
materials showed a definite increase in rate of mold 
growth where additional nutrients were provided. 

Hygroscopic agents added to cotton resulted in 
higher moisture content and mold growth at lower 
humidities than in the untreated cotton (table 5). 
Gum arabic provides, as well, a source of organic carbon 
which could serve as nutrient for the mold, but that is 
not true of magnesium chloride. 

At the minimum effective concentration of fungicide, 
the rate of mold growth was decreased. However, the 
ultimate amount of growth obtained with extended 
incubation was not changed. The fungicide did not 
alter the minimum humidity at which mold growth 
occurred (table 6). 

DISCUSSION 

If the temperature and other necessary conditions 
are favorable for mold growth, what is the maximum 
humidity below which materials must be maintained in 
order to keep them mildew-free? This is a practical 
problem frequently encountered where materials are 
stored or shipped. From the data in tables 3 and 4, it is 
clear that the “‘safe’”’ humidity will depend upon the 
material under consideration. Cotton fabric can be kept 
free of mildew at 92 per cent R.H., while leather and 
cheese must be stored below 76 per cent R.H. If the 
storage time is shorter than the incubation periods noted 
in table 3 for different humidities, the materials may be 
safely kept at a humidity which would ultimately 
permit mold growth. Removal of nutrients and hygro- 
scopic agents (as occurs, for example, in the washing or 
dry cleaning of clothing) or use of chemical mildew 
inhibitors can increase the safe storage time by retard- 
ing mold growth and increasing the incubation period. 
From the experiments described here and those given 
in the literature, at atmosphere of 65 per cent R.H. 
or less, might be considered safe for permanent storage 
of all materials. 

Examination of figure 1 and table 4 demonstrate that 
the materials which are most hygroscopic are most sus- 
ceptible to mold growth and vice versa. It is true, as 
Smith (1942) has stated, that if pure cotton and pure 
wool are exposed to the same atmosphere, the wool will 
take up more moisture, but, differing from Smith, the 
two materials were found to be not equally liable to 
mildew. Wool is much more liable to mildew, and this 
is found to be true in practice as well as in laboratory 
experiments. That these differences are not due to the 
presence or absence of nutrients has been shown by the 
ready mildewing of the materials at 100 per cent R.H. 
and the comparative results when nutrients were added 
to the materials. The mold is apparently able to secure 
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for itself moisture taken from the air by the substrate. 
The greater the quantity of water absorbed by the sub- 
strate, the more water becomes available to the mold. 

Galloway’s conclusion (1935) that the humidity at 
which mild growth occurs is determined by the nature 
of the fungi present, and not by the nature of the 
material, has not been confirmed in this work. The 
large representation of fungus spores with which all 
the materials were inoculated (table 1), in addition to 
the natural flora of the materials (the samples were not 
sterilized), assured that mildew would have appeared 
on all materials at the different humidities tested if 
the nature of the fungi present were the only factor 
involved. There can be no question that spores capable 
of germination at a specified humidity must be present 
for mildew to occur, but evidence that spores germinate 
at a specified humidity is not necessarily proof that 
mold growth will take place. Spore germination and 
mycelial proliferation are not identical physiological 
processes. 

Reference to figure 1 and table 4 indicates that the 
minimum equilibrium moisture content for the oc- 
currence of mildew on all materials, except glass wool 
varied from about 10 per cent to about 14 per cent 
moisture. Although these data are not available for 
leather and cheese, which mildewed at the lowest 
humidity tested, the curves can be extrapolated to fall 
into the same general moisture range as found for the 
other materials. O’Flaherty and Doherty (1940) found 
no mold growth on leather having less than 14 per cent 
moisture. Glass wool may be exceptional because it is 
not absorptive, and the moisture is concentrated at the 
surface of the fibers. If the “‘safe’’ equilibrium moisture 
content of 12 + 2 per cent holds generally for all 
materials, the potential susceptibility of new materials 
to mildew may be determined by measuring the equi- 
librium moisture content of the new material at the 
humidity at which it is to be kept. If this figure is below 
10 per cent, it is likely that the material will not mildew, 
whereas if it is above 14 per cent, the material will 
mildew if all the other requirements for mold growth 
are satisfied. 

In tests of a number of different materials used as 
book covers, Groom and Panisset (1933) found none of 
the materials mildewed when their moisture content 
was below 10 per cent. With some materials, no mildew 
appeared even though the moisture content was almost 
80 per cent. In such cases it can be assumed that factors 
other than insufficient moisture prevented mold growth. 
It has been stated that moisture is a controlling factor 
for mold growth, providing other requirements are 
fulfilled. Under unfavorable conditions mold growth 
may occur only at a higher relative humidity than is 
required under optimum conditions. Whereas the data 
in this paper appear to indicate that nutrients and 
inhibitors affect essentially the rate of growth and not 
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the minimum humidity for mold growth, the rate is, in 
practice, the controlling factor where the lag phase of 
growth is extended considerably by inhibitors or lack 
of nutrients. Thus a low concentration of a fungicide 
that is ineffective at a high relative humidity may so 
delay the appearance of mold at a lower relative hu- 
midity (table 6) that, for practical purposes, there is 
no mildew problem. 

Prindle (1937), working with raw cotton, was able to 
detect growth of Aspergillus and Penicillium at 82 per 
cent R.H. For raw cotton, this corresponds to about 
10.5 per cent moisture. No musty mold odor was ob- 
served below 86 per cent R.H., or about 12 per cent 
moisture. Cotton mattresses contain raw cotton and 
exhibit the unpleasant musty odor when the relative 
humidity is about 85 per cent. It is evident that raw 
cotton differs from the cotton fabric used in these tests. 
Nevertheless the minimum percentage moisture for the 
occurrence of mildew was the same. Armstead and Har- 
land (1923) obtained no mold on cotton cloth at 90 per 
cent R.H. (7.0 per cent H2O), moderate growth at 92 per 
cent R.H. (7.8 per cent H2O) and profuse growth at 94 
per cent R.H. (14.8 per cent H.O). With different sam- 
ples of cotton cloth, Galloway (1930) found no mildew at 
9 per cent moisture and only very slight mildew where 
the cloth contained 9.5 or 10.0 per cent moisture. The 
raw cotton tested by Prindle (1937) contains moisture- 
absorbing substances which are removed in processing. 
In a like manner, Burgess (1929) observed that wool 
which was treated with soap mildewed at 91 per cent 
R.H. while untreated wool mildewed only at 97 per 
cent R.H. and above. In table 3 of this report it will 
be noted that in five weeks there was growth on nu- 
trient-treated wool at 92 percent R.H., but onuntreated 
wool growth occurred only at 96 per cent R.H. and 
above. These results are practically identical with 
those of Burgess (1929). In a period of 20 weeks, how- 
ever, growth was observed on wool at 85 per cent R.H. 
It will be noted from table 5, which shows the effect 
of added hygroscopic agents, that mold failed to appear 
where the moisture content was below 10 per cent but 
did grow in all cases where the moisture content was 
above 14 per cent. It was observed by Galloway (1935) 
that magnesium chloride stimulated germination of 
mold spores, and he attributed to this factor, rather 
than to increased moisture, the growth of mold at lower 
humidities in the presence of deliquescent agents. The 
parallel effect that was obtained with gum arabic and 
the fact that spores germinated on other materials at 
lower humidities, providing the moisture content of 
the material was above 14 per cent, suggest that mois- 
ture rather than spore germination was the limiting 
factor. The results indicate that the molds obtain 
their moisture directly from the substrate rather than 
from the moisture in the air. 

Under nonequilibrium moisture conditions, the re- 


sults obtained may be different from those which |iave 
been reported in this paper. If a material containing a 
high concentration of moisture is placed in an 
atmosphere which has a low relative humidity, tiere 
is a continual transfer of moisture from the substrate 
to the atmosphere until an equilibrium is established, 
Under such transitory conditions, many factors are 
involved and the problem becomes very difficul: to 
study. Actually, nonequilibrium conditions, resulting 
from movement of air and temperature fluctuations 
are, in practice, the rule rather than the exception. In 
a home, the warm midday air dries surfaces which it 
contacts and helps to prevent mold growth in the 
rooms. In the closets and storage spaces, where this 
air has no ready access, mildew is much more prevalent. 
The effect of ventilation in retarding mildew is one 
of drying, for our experiments have shown that air 
motion, by itself, does not retard mold growth. Under 
natural conditions, as in a home closet, the appearance 
of mildew occurs at a more rapid rate than under ap- 
proximately the same average relative humidity in the 
jars employed in this experiment. The fresh supply of 
oxygen and removal of carbon dioxide and other inhibi- 
tory gases under natural conditions may explain the 
more rapid rate of mold proliferation. Nevertheless, ob- 
servation of mold under natural conditions verifies the 
results obtained in these experiments for the mildewing 
of different materials at specified minimum humidities. 
Mildewing of leather is most prevalent, followed by 
wooden and woolen articles, and by cotton and glass 
in decreasing order of prevalence. 
CONCLUSIONS 

The more hygroscopic a material, the lower the 
relative humidity at which it was found capable of 
supporting mold growth. In humidity tests of one year’s 
duration, leather and cheese were susceptible to growth 
of mildew at 76 per cent R.H. and higher; wood and 
wool mildewed at 85 per cent R.H. and greater, while 
cotton cloth and glass wool failed to mildew at 92 
per cent R.H. but mildewed at 96 per cent and 100 
per cent R.H. 

The rate of mold growth was stimulated by addi- 
tional nutrients and retarded by a fungicide, but the 
ultimate extent of mold growth and the minimum 
humidity at which the material was susceptible did not 
appear to be appreciably affected. The marked increase 
in the rate of mold growth in the presence of nutrients 
emphasizes the importance of cleanliness in preventing 
mildew, particularly of materials like cotton and wool 
that offer no inherent nutrition for most common molds. 

The minimum humidity for the occurrence of mold 
growth was related to the equilibrium moisture content 
of each material at each humidity. Except for glass 
wool, all materials could be said to have their minimum 
moisture contents for growth of molds in the range ol 
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approximately 12 + 2 per cent. Hygroscopic agents 
added to cotton cloth raised its equilibrium moisture 
content and lowered the relative humidity at which it 
mildewed. 

It is concluded that the water-absorbing properties 
of the substrate play an all-important role in determin- 
ing the limiting humidity of the atmosphere at which 
mildew will occur. It is postulated that the fungus is 
incapable of obtaining moisture for mycelial develop- 
ment directly from the atmosphere (except at 100 per 
cent R.A.) but derives it from the substrate which 
obtains the moisture from the atmosphere. 

Under natural conditions the more rapid proliferation 
of mold may be attributed to the more plentiful supply 
of oxygen and the constant removal of toxic gases. In 
general, however, observations of the occurrence of 
mildew under natural conditions support the findings 
reported herein. 
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The zone sizes of a given preparation of bacitracin 
were found to vary sufficiently in a series of agar plate 
assays to warrant investigation. Many factors have 
been found to influence the zone sizes of antibiotics. 
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An agar diffusion assay for bacitracin with Micro- 
coccus flavus was described by Hoff, Bennett and 
Stanley (1947). Subsequent modifications led to the 
F.D.A. assay procedure which was used in these in- 
vestigations. 


It appeared that the variations in the bacitracin 
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assays were related to various delays encountered in 
the assay procedure, and these factors were subjected 
to further study. 
EXPERIMENTAL METHODS 

F.D.A. assay procedures were followed for each of 
the antibiotics used in this study. Plates were poured 
with a base layer of agar and a seeded overlay. Six 
stainless steel cylinders were placed on the surface of 
each plate by means of a Shaw! cupsetter. Three 
alternate cups were filled with a solution of the anti- 
biotic under study. Half the plates were held at room 
temperature, while the other half were placed at re- 
frigeration temperature (4 C). At various time intervals, 
ranging from 14 to 8 hours, the antibiotic solutions 
used previously were added to the remaining 3 cups 
on duplicate plates from the two groups. The plates 
were then incubated at 37 C for the specified time 


1 Robert D. Shaw Co., Bloomfield, Connecticut. 
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Fig. 1. Response of Micrococcus flavus ATCC10240 to various concentrations of bacitracin. 
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Fig. 2. A. Effect of delay between preparing antibiotic plates and adding antibiotic solutions to the cups. Plates held at room 
temperature. B. Effect of delay between adding antibiotic solutions to the cups and placing plates in incubator. 


periods. After incubation, the zone diameters were 
measured in mm. 
RESULTS 
The straight line response of the test organism Micro- 
coccus flavus to widely separated amounts of bacitracin 


is shown in figure 1. The small portion of the curve 
specified for the assay of bacitracin in the Federal 
Register is also shown. 

There are 3 periods of delay that may occur during 
an antibiotic assay. The first of these (figure 2) is the 
interval between the preparation of the plate and the 
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addition of the antibiotic. During the first delay period, 
the test organism has a chance to grow at room tempera- 
ture before addition of the antibiotic; the longer the 
delay period, the smaller the zone size. A reference 
standard containing 1 unit per ml gave a zone size of 
19.8 mm when the antibiotic was added to the cups 
as soon as the plates were prepared. A one hour delay 
in the filling of the cups resulted in a zone size 2 mm 
smaller. 

The second interval is between the addition of the 
antibiotic and the placing of the plates for incubation. 
The zone size in the second delay (figure 2) was 1 mm. 
greater when the plate was allowed to stand for 1 hour 
at room temperature after the addition of the antibiotic 
and prior to incubation at 37 C. 
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Fic. 3. Bacitracin assay curve. Based on composite readings 
of standard preparation against Micrococcus flavus ATCC 10240. 


TABLE 1. Effect of delay between addition of 
bacitracin test sample and reference 
standard to assay cups 


INTERVAL MM ZONE CHANGES 
BETWEEN mise 
ADDITION OF = z at 
SAMPLE AND Total ROAENCY 
STANDARD Standard Sample Difference 

Min. % 

0 0 0 0 100 

15 +0.31 —0.61 0.92 70 

30 +0.62 —1.22 1.84 49 


Zones attained by samples in the 3 alternate cups 
are corrected in the usual assay procedure by readings 
obtained with the reference standard in the other 3 
cups. This correction will offset inaccuracies resulting 
from delays of the type described. A third delay may 
occur between addition of the test sample and reference 
standard, but this delay is generally a short one. The 
effect of this delay, based on data obtained from figure 
3, can be demonstrated at the 14 hour interval (table 1). 
The standard zones increase 0.31 mm, while the sample 
zones decrease 0.61 mm for a total difference of 0.92 mm. 
This difference gives the sample a 70 per cent potency 
when read from the curve. The sample would have 
only 50 per cent potency at the 14 hour interval. Since 
the acceptable bacitracin potency is 85 per cent of the 
standard, these samples would be rejected. If the 
procedure is reversed with sample being added to the 
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cups before the reference standard, potency values 
greater than 100 per cent would be found. 

Holding the prepared antibiotic plates at room or 
refrigeration temperature before incubation results in 
larger zone sizes as shown in figure 4. It is apparent 
that the zone size increase is greater at lower tem- 
peratures. 

The response of several antibiotics to identical condi- 
tions of delayed incubation is shown for comparison in 
figure 5. Each of the 4 antibiotics shows a greater zone 
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Fic. 4. Effect of temperature on diffusion of bacitracin 
prior to incubation. 
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Fig. 5. Effect of temperature on agar diffusion of four anti- 
biotics. 


increase at refrigeration temperature than at room tem- 
perature. Neomycin shows the lowest rate of change at 
both temperatures, penicillin showing the highest. 


SUMMARY 


Delays in the assay procedure for bacitracin may 
result in larger or smaller zones. These delays become 
important when the sample and reference standard are 
not added at the same time. Errors introduced by such 
delays may result in the rejection of full potency 
material. 
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There are many reports in the literature concerning 
the use of enrichment broths and selective agars for 
the detection and isolation of organisms belonging 
to the genus Salmonella. In some cases, attempts have 
been made to compare these broths and agars on the 
basis of their ability to support the growth of Salmonella 
and to inhibit other organisms. Very often the data 
used for these comparisons were obtained incidental 
to routine laboratory work and were generally conceived 
in a manner that would answer the problem at hand 
rather than as an objective measure of the media in 
question. Many of these comparisons were based on 
qualitative procedures. Since quantitative methods are 
more precise, it seems that procedures based on these 
methods should be used. 

Ordinarily, one of two methods is employed for the 
detection and isolation of Salmonella. The first method 
involves streaking the sample directly on a selective 
medium; the second consists of inoculating the sample 
into an enrichment broth and subsequently isolating 
the organisms on a selective solid medium. The purpose 
in using an enrichment broth is to increase the numbers 
of Salmonella present and, at the same time, to prevent 
the reproduction of other organisms in order that the 
probability of isolating Salmonella will be increased. 
The results of Watt and Carlton (1945) and Galton 
and Hardy (1948) have demonstrated the importance 
of using enrichment methods. The broths selected 
should exhibit minimum bacteriostatic and bactericidal 
effects on Salmonella. This is particularly important 


1 A report of work done under contract with the U. S. De- 
partment of Agriculture and authorized by the Research and 
Marketing Act of 1946. The contract is being supervised by the 
Western Regional Research Laboratory of the Bureau of Agri- 
cultural and Industrial Chemistry. 

2 Journal Paper No. J-2312 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 970. 


if only a few organisms of this genus are present in the 
sample. 

Selective agars employed for the isolation of Salmo- 
nella likewise should possess a minimum degree of 
inhibition of this genus and maximum bacteriostatic 
action on extraneous organisms. 

The enrichment broths generally used are Selenite-F 
and tetrathionate. Modifications of tetrathionate are 
also used. 

In 1936, Leifson described the formula now used for 
the preparation of Selenite-F. By means of growth 
curves he showed that, although the medium was not 
sufficiently toxic to completely inhibit the growth of 
enterococci or “fecal colon bacilli”, there was a de- 
crease in their numbers during the initial incubation 
period; ‘‘typhoid bacilli” were able to multiply rapidly 
from the start and soon outnumbered the extraneous 
organisms. 

Gohar (1943) used sodium selenite as an inhibitor 
of extraneous organisms. He found that Salmonella 
enteriditis (Bacterium enteriditis), Salmonella paratyphi 
(Bacterium paratyphosum A), and Salmonella  schott- 
muellert (Bacillus paratyphosus B) were more resistant 
to the action of sodium selenite than was Escherichia 
coli (Bacterium coli). However, he also observed that 
some extraneous organisms were more resistant to the 
action of sodium selenite than were some members 0! 
the genus Salmonella. 

Knox et al., (1943) reported that S. schottmucller 
(Bacterium paratyphosum B), most of the common 
Salmonella, and members of the genus Proteus were 
powerful tetrathionate reducing organisms. Salmonella 
typhosa (Bacterium typhosum) was less effective; 5. 
paratyphi (B. paratyphosum A), E. coli (B. coli), Aero 
bacter aerogenes (Bacterium aerogenes), dysentery bacilli 
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and most fecal organisms were unable to reduce tetra- 
thionate. 

As a means for enriching Salmonella in dried egg 
products, Gibbons and Moore (1944) utilized tetra- 
thionate while Solowey et al., (1946) and Ayres (1949) 
used Selenite-F. Cantor and McFarlane (1948) em- 
ployed both Selenite-F and tetrathionate for enrich- 
ment of Salmonella in fresh eggs. 

tuys (1934) reported the use of brilliant green- 
Esbach broth for isolation of Salmonella schottmuelleri 
and later (1940) stated that this broth yielded a higher 
per cent of positives than other enrichment broths for 
all groups of Salmonella. 

Although there have been indications that one en- 
richment fluid may be better than another, in some 
instanees the results obtained from different samples 
or from varying quantities of the same sample were 
used as a basis for comparison. The conclusions de- 
rived from these comparisons do not necessarily mean 
that one broth is better for all types of samples or for 
all species of Salmonella. 

The relative value of any enrichment broth is de- 
pendent upon the selectivity of the solid medium upon 
which it is streaked. Many solid media have been sug- 
gested and utilized for the detection and isolation of 
organisms presumptively identified as belonging to 
the genus Salmonella. Included in this list are Salmo- 
nella-Shigella (SS), brilliant green (BG), bismuth 
sulfite (WB) and desoxycholate-citrate-lactose-sucrose 
(DCLS) agars. Hajna and Perry (1938) and Gunther 
and Tuft (1939) reported that bismuth sulfite was su- 
perior to all agars that they tested; however, several 
selective agars have been developed since this study was 
reported. Although at one time, SS agar was considered 
to be a satisfactory medium for differentiation of 
Salmonella, Broh-Kahn (1946) found this medium 
unsatisfactory for the isolation of these organisms. He 
considered Kauffmann’s brilliant green agar to be a very 
good medium and recommended its use as an analytical 
tool. 

The use of several agars increases the amount of 
labor and expense; therefore, it would be advantageous 
ifa single agar could be used to detect and isolate these 
organisms. 

The present study was made in order to determine 
the effect of commonly used enrichment broths upon 
the multiplication of several species of Salmonella. 
Consideration was also given to the influence that the 
addition of whole egg might have upon the multiplica- 
tion of these organisms in the enrichment fluids. The 
ability of selective agars to support the growth of 
several species of Salmonella was also investigated. 


MATERIALS AND METHODS 


Using the Kauffmann-White schema, organisms were 
selected in order to represent each of the antigenic 
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groups. These included: Salmonella paratyphi (ISC 
8A24; group A), S. bredeney (WRRL 4393; group B), 
S. typhimurium (WRRL 5982; group B), S. oranien- 
burg (ISC 8A9; group C), S. pullorum (ISC 8A26; 
group D), S. anatis (WRRL 5348; group E), S. give 
(WRRL 5392; group E) and S. worthington (WRRL 
4661; group F). 

Tetrathionate (Difco), Selenite-F (BBL) and Ruys’ 
medium* were the enrichment broths tested. Nutrient 
broth was used as the control medium. 

The agars employed in this study included SS (Difco), 
WB (Difco), BG (Difco), and DCLS (BBL); nutrient 
agar was used as the control medium. 

The following procedure was used to determine 
growth in enrichment fluids. A 24-hour broth culture 
of a single species of Salmonella was diluted 1:10,000 
in saline. Two ml of this dilution were inoculated into 
tubes containing 18 ml of test broth so that there were 
approximately 10,000 organisms per ml. The inoculated 
tubes were incubated in a water bath at 37 C and 
sampled at 0, 1, 2, 4, 8, 14, 24 and 36 hours. These 
samplings were diluted in saline and three subsamples 
were plated using nutrient agar as the substrate. The 
inoculated plates were incubated for 24 hours at 37 C 
and colonies counted with the aid of a Quebec, Spencer 
Darkfield Model colony counter. 

Since the isolation of Salmonella from eggs and egg 
products has attained importance in recent years, it 
seemed desirable to determine the effect that the addi- 
tion of egg might have on the growth of these organisms 
in the broths tested. For those studies wherein egg was 
incorporated, one ml of a 1:100 dilution of the or- 
ganism in saline was incorporated in 99 ml of homo- 
geneous fresh whole egg suspension and mixed in a 
Waring micro-blendor jar. A two ml aliquot of this 
material was introduced into the tubes of test broth 
and incubation, samplings and enumeration were made 
as previously described. 

The method for testing agars consisted of the follow- 
ings steps: 1) A 24-hour broth culture of a single species 
of Salmonella was diluted 1:1,000,000 in saline. 2) 
Three subsamples of this dilution were plated with 
each test agar. 3) The inoculated plates were incubated 
and counted as previously described. 

The procedures were repeated for each of the or- 
ganisms included in this study. 


RESULTS AND DISCUSSION 


In figure 1 the curves represent the growth of 8 species 
of Salmonella when cultured in each of the test broths. 
Examination of these growth curves shows that no 
other single enrichment broth supported the growth of 
all organisms as well as did nutrient broth. It can be 
noted that the lag phase consumed about one or two 


3 The dehydrated medium was supplied by Difco and listed 
as Experimental Control Broth No. 410840. 
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hours. The logarithmic phase of growth reached its 
maximum at about 14 hours. It was assumed in this 
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with the organisms used in this study. Although tetra- definite inhibition of S. paratyphi. It was observed that 
thionate appeared to have little bacteriostatic action there were fewer viable cells after incubation for 18 
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Fic. 2. Growth curves of 8 species of Salmonella in various broths with whole egg added 


on most of the organisms, S. give appeared to be in- hours than there were immediately after inoculation. 
hibited during the initial incubation period. There was This is undesirable since the object in using an enrich- 
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ment broth is to increase the number of Salmonella 
present. 

The principal objection to the use of Selenite-F is the 
decrease in numbers of viable cells during the initial 
incubation period. This decline in numbers in the case 
of S. anatis was found to be statistically significant’ at 
the 1 per cent level. This is particularly undesirable in 
the case of samples with low counts of Salmonella since 
destruction during the lag phase may result in failure 
to isolate organisms of this genus. The other organisms 
also showed a decrease in numbers during the initial 
incubation period. In most cases the maximum stage 
was reached by 14 hours, and by 24 or 36 hours, the 
number of viable cells began to decrease. 

In general, Ruys’ medium was the least satisfactory 
of the media tested since it induced an extended lag 
phase and exhibited an evident inhibitive action on 
all of the organisms tested. S. bredeney entered the 
logarithmic phase of growth after 4 hours of incubation 
and soon approached a count in Ruys’ medium com- 
parable to that found in the other broths. The lag 
phase in the case of S. oranienburg was so prolonged 
that the original number of cells was not attained over 
the entire 36-hour incubation period. 

S. pullorum and 8S. paratyphi reproduced quite 
similarly in Ruys’ medium; no decrease in numbers 
was noted during the lag phase; however, there was 
only a slight increase in numbers after incubation for 
36 hours. No apparent decrease in numbers was ob- 
served during the lag phase in the case of S. give. Even 
though S. typhimurium, S. anatis, S. worthington and 
S. bredeney were evidently inhibited during the initial 
incubation period, the number of viable cells obtained 
in Ruys’ medium compared favorably with the number 
observed in the other broths after 24 hours of incuba- 
tion. 

The incorporation of whole egg into the media 
affected the reproduction of these organisms. Figure 2 
shows the growth of 8 species of Salmonella in the test 
broths to which whole egg was added. The addition of 
egg seemingly reduced the inhibitory properties of the 
enrichment broths to Salmonella. The curves of S. 
typhimurium, S. anatis, S. worthington and S. oranien- 
burg show very little difference in the rate of reproduc- 
tion of these organisms in the four broths to which 
whole egg was added. 

It can be seen that S. paratyphi was inhibited to a 
considerable extent in tetrathionate even after the 
addition of egg. The other organisms grew similarly 
in tetrathionate to which egg was added as they did 
with no added egg. 

With whole egg, Ruys’ medium apparently supported 
the reproduction of all of these organisms as well as did 
nutrient broth. The addition of whole egg to this 
medium eliminated the factor or factors which evi- 
dently caused the inhibition shown in figure 1. 


The addition of whole egg to Selenite-F dit not 
change the properties of this broth as much as the «ddi- 
tion of whole egg changed the properties of |! iys’ 
medium. A reduction in numbers of S. bredenes was 
observed during the lag phase. The decrease observed 
in the case of S. anatis during the lag phase was not 
as pronounced after the addition of egg to this broth, 

The mean colony counts on the selective agars are 
shown in table 1. It may be seen that when nui rient 
agar is used as a reference, the several agars varied 
greatly in providing satisfactory conditions for the 
reproduction of the various microorganisms studied. 
DCLS agar was somewhat inhibitory to all of these 
organisms. Less than 1 per cent of the number of 
colonies of S. paratyphi produced on nutrient agar 
developed on DCLS. The other selective agars also 
showed a tendency to inhibit some organisms more 
than they did others. . 


TABLE 1. Comparison of colony counts* on various agars 


PLATING AGARS 


Desoxy- 





ome entBane | SR | SEE 
sreen | Shigella | Lactose Sulfite 
Sucrose 

Salmonella para- 
typhi..... 232 208 145f 102+ 209 
S. typhimurium. 700 590T 85 6t 1907 
S. oranienburg.....| 620 550 312t 77 71t 
S. pullorum. . . 186 173 667 37T 112 
S. anatis..... .| 360 | 340 272¢ | 66t 73t 
S. worthington......| 410 | 370 249F 129f 330 





* Counts reported are means of nine plates. 
{ Significant difference as compared to nutrient at 1 per 
cent level. 


When the colony counts for the various species of 
Salmonella were analyzed statistically, SS and DCLS 
agars showed a significantly lower number of colonies 
with every organism used in this investigation; there 
was a significantly lower number of colonies of all the 
organisms except S. paratyphi and S. pullorum on 
bismuth sulfite agar; no significant difference was ob- 
served between results obtained with brilliant green 
and nutrient agar except in the case of S. typhimurium. 
It, therefore, appears that brilliant green supported 
the reproduction of organisms belonging to the genus 
Salmonella more satisfactorily than did any of the other 
selective media employed in this study. 


SUMMARY 


Selenite-F, tetrathionate or Ruys’ medium do not 
support the growth of 8 species of Salmonella as well 
as does nutrient broth. Although tetrathionate supports 
the growth of most of these species of Salmonella, it is 
definitely inhibitory to S. paratyphi. Selenite-F appears 
to be one of the better broths; however, during the 
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initial incubation period, inhibition and actual destruc- 
tion of S. anatis is statistically significant. Ruys’ 
medium inhibited all of the organisms during the initial 
growth phase and further inhibited S. paratyphi, S. 
oranienburg and S. pullorum during the entire incuba- 
tion period. 

When whole egg is added to these broths, the inhibi- 
tion of members of the genus Salmonella is reduced. 
The addition of whole egg tends to minimize differences 
in the broths. This indicates that consideration must 
be given to the material being analyzed when selecting 
a broth for enrichment of Salmonella. 

Brilliant green agar supports more luxuriant growth 
of all species of Salmonella studied than do the other 
media tested. It appears that SS and DCLS agars 
significantly inhibit these bacteria. Bismuth sulfite is 
shown to be significantly inhibitory to four of the six 
species of Salmonella used in this study. 
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Various enrichment fluids have been developed to 
facilitate the isolation of small numbers of Salmonella 
from feces, urine, infected tissues and water. Since no 
media have been designed for use with egg products, 
investigators interested in determining the incidence of 
Salmonella in these products have employed broths 
meant for the enrichment of other materials. The addi- 
tion of egg, with its proteinaceous matter and anti- 
bacterial agents (for example, lysozyme, avidin, 
conalbumin and antitrypsin) rather than the usual 
specimens, results in a considerably changed substrate 
for enrichment. The effect that the resulting alteration 
has upon the selectivity of the enrichment media has 
not been studied. 

Salmonella have been isolated from spray-dried egg 
by British (Medical Research Council, 1947), Swedish 
(Swedish Medical Board, 1947), and American (Solo- 
wey, et al., 1947) bacteriologists and from the feces of 
persons who had become ill following the consumption 
of foods containing uncooked egg (Watt, 1945; Crowe, 
1946; Mitchell, et al., 1946). Data such as those pro- 
vided by McCullough and Eisele (195la, b, c) leave 
little doubt as to the pathogenicity of the Salmonella 
or the public health hazard of egg products infected 
with these organisms. 

Since it is important that egg processors obtain 
evidence to show that Salmonella are not present in 
their product, the methods and media employed must 
permit the detection of very small numbers of the 
pathogens. Often in the past, a medium which pro- 
vided more isolations of Salmonella was judged superior 
to others from which fewer organisms were found during 
routine analyses. Such findings may have been in- 
cidental and dependent upon sampling variation rather 
than on the efficacy of the broths. 

An ideal enrichment medium supports prolific growth 
of Salmonella, inhibits the growth of other bacterial 


1 A report of work done under contract with the U. 8. De- 
partment of Agriculture and authorized by the Research and 
Marketing Act of 1946. The contract is being supervised by the 
Western Regional Research Laboratory of the Bureau of Agri- 
cultural and Industrial Chemistry. 

2 Journal Paper No. J-2314 of the lowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 970. 

3 Present Address: Gerber Products Company, Fremont, 
Michigan. 


species, and does not lose its selectivity due to the 
addition of a sample rich in nutrients. In this study a 
comparative evaluation has been made of six enrich- 
ment media to determine whether they satisfied these 
criteria. 


MATERIALS AND METHODS 


The fluids studied were: Selenite-F (BBL), Selenite-M 
(Leifson, 1936), tetrathionate (Difco), brilliant green 
tetrathionate (Kauffmann’s modification, 1935), Ruys’ 
medium (Difco*), and 14 Ringer solution. With the 
exception that they were prepared in double strength, 
Selenite-F, tetrathionate, and Ruys’ medium were 
prepared according to the instructions of the manu- 
facturers. 

Kauffmann’s brilliant green tetrathionate (BGT) 
was prepared in double strength by modification of the 


. instructions published by Galton, Hardy and Mitchell 
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(1950). Ringer solution was prepared according to the 
formulation of Wadsworth (1947) and diluted with an 
equal volume of distilled water. Selenite-F and Selenite- 
M were gently steamed for 30 minutes; tetrathionate, 
BGT, Ringer solution and Ruys’ broth were autoclaved 
for 20 min at 15 psi (121 C). 

All of the double strength substrates were dispensed 
into 18 x 150 mm tubes in 5 ml aliquots. At the time 
of testing, the double strength media were diluted to 
normal concentration by addition of the desired amount 
of egg, 1 ml of test culture, and enough sterile water to 
make a total volume of 10 ml in each tube. In this 
manner, studies were made of the effect of additions 
of 0, 10, 20 and 40 per cent egg without causing dilu- 
tion of the media beyond their normal concentration. 

Both fresh and dried products were tested. The 
procedure used for collecting, washing and breaking 
fresh shell eggs was the same as that employed by 
Forsythe, et al., (1953), except that, when albumen only 
had to be obtained, sterilized rubber gloves were worn 
to permit direct handling of the washed shell eggs. 
Sterilized equipment was used to open and separate 
the egg contents. Both the collected whole egg and 
albumen were homogenized for 2 min in a micro- 


blendor jar at a Varitran® setting of 30 volts. Sterility 


4 Experimental control broth No. 410840. 
5 United Transformer Company, New York City, N. Y. 
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checks of the broken out fresh egg were made by plant- 
ing 10 one ml portions in nutrient agar; 5 of the plates 
were incubated at room temperature and 5 at 37 C. 
No fewer than three eggs were broken per operation 
and no microbial growth was observed on the check 
plates. 

Dried egg product for this investigation was _ re- 
constituted at ratios of 8.5 g of powdered albumen 
(neutral, yeast fermented) to 56.5 ml of water and 17.4 
g of whole egg powder (yeast desugared) to 55 ml of 
water. The reconstituted egg products were found to 
be heavily contaminated when one ml portions were 
planted in nutrient agar pour plates and incubated 
either at room temperature or 37 C. Growth was 
eliminated by treatment of the albumen with 2.5 ml 
of 30 per cent H.O2 per 100 ml of reconstituted product 
(0.75 per cent) for 4 hr and 3.3 ml of 30 per cent H,O, 
per 100 ml of reconstituted whole egg (1.0 per cent) for 
45 min. An excess of sterile catalase (Armour)*® was 
added aseptically to destroy the remaining HO. at 
the designated time. 

Escherichia coli (ISC 2B7), Proteus morganit (ATCC 
8019), Pseudomonas aeruginosa (NRRL B23), Alcali- 
genes faecalis (ATCC 9749) and Salmonella pullorum 
(WRRL 3083) were the test cultures used in this study. 
Actively growing 24-hr cultures of the organisms (which 
had been carried through 2 successive 24-hr transfers) 
were employed as inocula. Appropriate dilutions were 
prepared in sterile water. 

Estimation of the number of cells inoculated into 
each broth and of the number present after incubation 
in the enrichment fluids for 18 hr was accomplished 
by standard plate count technique, using nutrient agar 
(pH 6.8) as a substrate. The plates were incubated for 
48 hr at a temperature of 37 C and counted with the 
aid of a Quebec, Spencer colony counter. 

When 10? S. pullorum and 10° EF. coli were grown in 
association in the five enrichment media, a most prob- 
able numbers technique (MPN) was employed to de- 
termine the number of viable cells of each species 
present in the broths after incubation at 37 C for 18 hr. 
Following incubation, 10-fold dilutions were prepared 
from each of the enrichment broths. One ml aliquots 
of each dilution were inoculated into each of three tubes 
of lactose broth and three tubes of liquefied lead acetate 
agar (Difco). Reactions in each of the media enabled 
differentiation of the two species and provided an 
estimate of the most probable numbers of cells of each 
organism. Preliminary studies had shown that the 
strain of S. pullorum used did not ferment lactose, but 
formed H.S when grown in lead acetate medium; E. 
coli, on the other hand, fermented lactose with the 
formation of gas, but did not form H.S in lead acetate 
medium. Known loads of the organisms were grown in 
association with each other in lactose and lead acetate 


§ Armour Chemical Division, Chicago, Illinois. 


media to determine the extent to which they changed 
the medium. 


RESULTS 


The results of plate counts made at 0 and 18 hr 
when S. pullorum, E. coli, P. morganii, P. aeruginosa, 
and A. faecalis were grown in five of the enrichment 
media are shown in figure 1. The counts expressed 
represent the means of several estimations for each 
broth. Generally when egg products were added, 14 
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Fic. 1. Growth of bacteria in media with egg products 


Ringer solution was as stimulatory for S. pullorum 
and as inhibitory for the other test organisms as were 
the other broths employed in this study. However, all 
of the broths, with the exception of 14 Ringer solution 
with whlle egg added, inhibited A. faecalis. 

Data presented in table 1 indicate that 14 Ringer, 
Selenite-F and tetrathionate are equally inhibitory for 
A. faecalis. On the other hand, growth of P. morganii 
in tetrathionate was somewhat more profuse than in 
Selenite-F or 14 Ringer solution. P. aeruginosa grew 
well in any of the three media. When each of the media 
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TABLE 1. 
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media with reconstituted dried egg added 


Escherichia coli. 
Control. . 
10 % Albumen 
10 % Whole egg 


Proteus morgani 
Control 
10 % Albumen. 
10 % Whole egg 


Pseudomonas aeruginosa 
Control. . ’ 
10 % Albumen. 
10 % Whole egg 


Alcaligenes faecalis 
Control........ 
10 % Albumen 
10 % Whole egg 


Salmonella pullorum 
Control ; 
10 % Albumen. . 
10 % Whole egg.. 


* Indicates no growth on 10° dilution plates. 


NUMBER OF CELLS PER ML (X 108). 
INCUBATION FOR 18 HR AT 37 C IN: 


Tetrathio- 


1/4 Ringer hate 


Selenite-F 


No. of cells inoculated: 13 


i 0.85 2.2 
30 43 50 
680 1,400 213 


No. of cells inoculated: 2.5 


0.6 23,000 160 
20 52,000 6,300 
8,300 730,000 4,800 


No. of cells inoculated: 6.5 


2.3 240,000 21,000 
60,000 90,000 140,000 
170,000 960,000 340,000 


No. of cells inoculated: 6.2 


Proliferation of five bacterial species in enrichment 


* 


. 0.006 —* 
. 0.004 — 
0.058 0.015 0.015 


No. of cells inoculated: 6.3 


0.23 22,000 42,000 
2,400 280 78,000 
250,000 520,000 


280,000 


contained 10 per cent reconstituted albumen or \ hole 
egg, differences in the growth of S. pullorum in 14 
Ringer as compared to that in tetrathionate or Selevite- 
F enrichment broths were less definite than was the 
case when the plain media were used. 

Table 2 shows the growth response of S. pullurwm, 
E. coli, P. morganti, P. aeruginosa and A. faecalis in 
Selenite-F with 0, 10, 20 and 40 per cent fresh or re- 
constituted dried egg product added. The addition of 
fresh albumen decreased the amount of growth of E, 
coli, S. pullorum and A. faecalis. Also, A. faecalis was 
inhibited by fresh whole egg. Tetrathionate, 14 Ringer 
and Ruys’ media exhibited growth tolerances similar 
to those shown for Selenite-F. Reconstituted dried 
albumen or whole egg generally was more stimulatory 
to all of the organisms than were fresh egg products. 
Growth of cells of S. pullorum was less profuse when 10 
per cent or more of fresh albumen or reconstituted 
albumen was incorporated with Selenite-F. 

Concomitant growth of 10? cells of S. pullorum and 
10° E. coli did not result in overgrowth by EL. 
any of the broths (table 3). 


coli in 


DISCUSSION 


Edwards and Bruner (1943) and others have noted 
the difficulties encountered in growing S. pullorum 
on artificial media. Bushnell and Porter (1945) con- 
cluded, after study of various enrichment media, 


TABLE 2. Growth of 5 tesi organisms in Selenite-F enrichment medium with 0, 10, 20 and 40 per cent fresh or reconstituted 


TEST ORGANISM 


Escherichia coli 


Pseudomonas aeruginosa 


Proteus morganii 
Alcaligenes faecalis 


Salmonella pullorum 


dried egg added 





NO. OF CELLS 
INOCULATED 








CELLS (x103) PER ML AFTER 16 HOURS INCUBATION AT 37 C IN SELENITE-F CONTAINING THE FOLLOWING 


PERCENTAGES OF EGG: 








P. aeruginosa 


P. morganii 


. 
_ 


. faecalis 


wR 


. pullorum 





x103) en = a — — - 
0% | 10% 20% 40% 
FRESH EGG 
8.7 7.8 Aft 0.050 0.015 —* 
Bi 90 80 17 
67 60,000 A 50,000 66,000 72,000 
B 63,000 72,000 80,000 
ee 350 A 930 1,700 1,500 
B 2,100 2,800 1,700 
3.8 0.025 A 0.010 —* —* 
B 0.005 —* —* 
3.8 120,000 A 72,000 60,000 20,000 
B 500,000 38,000 29 000 
RECONSTITUTED DRIED EGG 
16 21 A 0.047 22 80 
B 1.3 47 400 
9 53,000 A 120,000 110,000 300,000 
B 300,000 800, 000 1,000,000 
2.5 300 A 6,000 26,000 430,000 
B 4,200 13,000 | 510,000 
9 0.040 A 0.010 0.340 0.410 
B 0.015 5.3 6.2 
8.7 162,000 A 70,000 32,000 32,000 
B 827,000 380,000 120,000 


* No colonies apparent on 10° plates. 
+ A = Albumen; B = whole egg. 
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that no medium was suitable for the growth of S. 
pullorum. The fastidious nature of the organism, its 
occurrence in hens and eggs, its pathogenicity for 
humans (McCullough and Eisele, 195lc), and its 
isolation from food prepared from eggs (Solowey, et 
al., 1947), suggested S. pullorum to be the logical 
species for study. Inasmuch as other enteric organisms 
are commonly encountered on and in eggs and egg 
products, it was also considered advisable to determine 
how well certain representative contaminants suc- 
ceeded in reproducing in various enrichment broths. 
The four selected (2. coli, P. morganii, P. aeruginosa, 
and A. faecalis) were chosen not only because they 
have many morphological, cultural and biochemical sim- 


TABLE 3. Concomitant growth of Escherichia coli and 
Salmonella pullorum 


M.P.N. OF CELLS PER ML. OF ENRICHMENT MEDIA 
NO. OF CELLS INOCULATED: X103) AFTER 15 HOURS AT 37 C. 


Salmonella pullorum 
- - 


E aeaks elt Brilliant 
“Ss cf al 
: 1/4 : . : Tetra- green 
2 L Selenite-F . a 
2.1 X 10 Ringer Selenite-I thionate tetra- Ruys 
thionate 


Control: (Growth of species individually—no 
egg added) 
BE. colt.......: 7.5 


31,000 


0.013 60 
25,000 


6,000 

S. pullorum. . 2,000 70 
(Concomitant growth of species—no 

egg added) 

Re) a 1.6 *| 2.5 7 

S. pullorum. 13,000 6,000 600 20 
(Concomitant growth of species—10 

% albumen addedf) 
| sare . 16 —* (0.250 | 0.070 
S. pullorum. ...... 20 25 1,300 6 2.5 


(Concomitant growth of species—10 
% whole egg addedf) 
—* (0.060 0.600 20 


eS ee 2.5 
2. 3,300 1,300 700 700 


S. pullorum....... 250 


* No reaction detected in 10~' dilution. 
+ Freshly broken shell egg. 


ilarities to S. pullorum, but also because they compete 
with the pathogen for the nutrients of the substrate. 

If the data presented in this study are representative 
(figure 1), Selenite-F, tetrathionate and 14 Ringer 
solution are the best of the six media tested for de- 
tecting S. pullorum in egg products. When used with 
egg products, none of the broths is considered suffi- 
ciently selective to eliminate the possibility of P. 
aeruginosa’s and, in some cases, P. morganii’s over- 
growing the Salmonella. 

Selenite-M was one of the enrichment broths tested, 
but the medium was considered to be too toxic for 
use and data are not recorded in figure 1, since in all 
cases, fewer cells of S. pullorum were counted after 18 
hr incubation than were introduced in the inoculum. 
The other test organisms were similarly inhibited. 


Leifson (1936) intended that Selenite-M be used as an 
enrichment medium for the examination of milk; 
presumably the addition of milk causes a decrease in 
the toxicity of sodium acid selenite while egg may not. 

Ruys (1934) noted that the possibility of isolating 
Salmonella typhosa and Salmonella schottmuelleri was 
increased by enrichment of feces and urine in a broth 
containing Esbach reagent and brilliant green dye; 
this medium also permitted less interference due to the 
swarming action of Proteus on differential plating 
media. Figure 1 demonstrates that, unless whole egg 
was added to Ruys’ medium, S. pullorum increased 
only slightly in numbers as a result of incubation. The 
addition of egg, likewise, overcame the inhibitory 
properties of the broth for P. morganii. 

British investigators (Medical Research Council, 
1947) chose 14 Ringer solution for the enrichment of 
dried egg. They isolated more strains of Salmonella 
when this salt solution was used for enrichment than 
when the samples were cultured in tetrathionate broth. 
Figure 1 demonstrates that 14 Ringer solution com- 
pared well with the other broths when dried egg was 
added (table 1). On the basis of these data, the use of 
14 Ringer solution for the enrichment of egg products 
deserves further study. Its application for routine con- 
trol work would result in considerable economy of time 
and reduced cost of media. 

Schneider (1946) reported that he isolated S. pul- 
lorum from 15 of 61 samples of dried egg enriched in 
Selenite-F but failed to isolate the organisms from 61 
duplicate samples enriched in tetrathionate broth. 
Results of the present study indicate a reduced amount 
of growth of S. pullorum in tetrathionate containing 
reconstituted dried albumen but, when reconstituted 
dried whole egg was present, there was little difference 
in the amount of proliferation in 14 Ringer, tetrathio- 
nate and Selenite-F (table 1). 

When 10 per cent or more of fresh albumen or re- 
constituted albumen (less than 2 per cent dried albu- 
men) was incorporated with Selenite-F, growth of 
cells of S. pullorum was less profuse than in the base 
medium (table 2). However, proliferation was more 
marked upon incorporating 20 per cent of reconstituted 
whole egg than it was in the control broth and, even 
when as much as 40 per cent of reconstituted egg was 
added (10 per cent dried whole egg) the population 
at the end of the incubation period was similar to that 
of the control. 

Cells of FE. coli were able to proliferate at a slow rate 
when whole egg was added to enrichment media (tables 
1 and 2). For this reason a test was devised to deter- 
mine if this activity would affect the yield of S. pul- 
lorum when the two organisms were grown concomi- 
tantly (table 3). When inocula of about 1 cell of S. 
pullorum per 1000 of E. coli were introduced in enrich- 
ment broths containing 10 per cent added albumen 
or whole egg, it was found that the number of cells of 
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E. coli diminished while S. pullorum increased. Con- 
sequently, one might conclude that, in a mixed infec- 
tion of this type, the presence of coliforms is not 
detrimental insofar as detecting Salmonella is con- 
cerned. 


SUMMARY 


Six enrichment fluids have been evaluated on the 
basis of selectively promoting Salmonella pullorum 
and inhibiting Escherichia coli, Proteus morganii, 
Pseudomonas aeruginosa and Alealigenes faecalis. 
When these five organisms were grown in the broths 
with egg products added, the selectivity of the en- 
richment media was found to be reduced. Also, in the 
presence of egg products, 14 Ringer solution compared 
favorably with Selenite-F and tetrathionate broths in 
selectivity and growth promotion of S. pullorum. 


REFERENCES 


BusHNELL, L. D., AND Porter, J.J. 1945 Astudy of methods 
for the isolation of Salmonella pullorum. Poultry Sci., 
24, 212-215. 

Crowe, M. 1946 A localized outbreak of Salmonella food 
poisoning apparently transmitted by a hen’s egg. J. Hyg., 
44, 342-346. 

Epwarps, P. R., AaNp BruNER, D. W. 1943 The occurrence 
and distribution of Salmonella types in the United States. 
J. Infectious Diseases, 72, 58-67. 

ForsytuHE, R. H., Ayres, J. C., anp Rapio, J. L. 1953 Fac- 
tors affecting the microbiological populations of shell eggs. 
Food Technol., 7, 49-56. 

Gatton, M. M., Harpy, A. V., AND MitcHe.i, R. B. 1950 
The public health laboratory diagnosis of enteric infections. 
Am. J. Trop. Med., 30, 77-90. 

KAuFFMANN, F. 1935 Weitere erfahrunger mit dem kom- 
binierten Anreicherungsverfahren fiir Salmonellabacillen. 
Z. Hyg. Infektionskrankh., 117, 26-32. 

Lerrson, E. 1936 New Selenite enrichment media for the 
isolation of typhoid and paratyphoid (Salmonella) bacilli. 
Am. J. Hyg., 24, 423-432. 


McCu.touau, N.B., AND E1rseLe,C.W. 195la Experim.-ntal 
human salmonellosis. I. Pathogenicity of strains of 
Salmonella meleagridis and Salmonella anatum obt:ined 
from spray-dried whole egg. J. Infectious Disease: , 88, 
278-289. 

McCut.ovuau, N.B.,aAnp Ersete,C.W. 1951b  Experin:ental 
human salmonellosis. III. Pathogenicity of strains of 
Salmonella newport, Salmonella derby, and Salmvcnella 
bareilly obtained from spray-dried whole egg. J. In- 
fectious Diseases, 89, 209-213. 

McCu.tovau, N.B., AND E1rseELE,C.W. 195le Experimental 
human salmonellosis. IV. Pathogenicity of straiiis of 
Salmonella pullorum obtained from spray-dried whole egg, 
J. Infectious Diseases, 89, 259-265. 

Mepicat Research Councint. 1947 The bacteriology of 
spray-dried egg with particular reference to food poison- 
ing. Special Rpt. Series No. 260. His Majesty’s Station- 
ery Office, London. 

MitcHe.i, R. B., Gartock, F. C., anp Brou-Kaun, R. H. 
1946 An outbreak of gastroenteritis presumably caused 
by Salmonella pullorum. J. Infectious Diseases, 19, 
57-62. 

Rvuys, A.C. 1934 Ein brillantgriin-medium fiir die isolierung 
von paratyphus B bakterien aus stuhl und urin. Zentr. 
Bakteriol. Parasitenk., 132, 349-351. 

ScHNEIDER, M.D. 1946 Investigation of Salmonella content 
of powdered whole egg with not more than two per cent 
moisture content. II. General survey on occurrence of 
species of Salmonella in high quality egg powder. Food 
Research, 11, 313-318. 

SoLtowey, M., McFariane, V. H., Spautpine, E. H., anp 
CuHERMERDA, C. 1947 Microbiology of spray-dried whole 
egg. II. Incidence and types of Salmonella. Am. J. 
Public Health, 37, 971-982. 

Swepish Mepican Boarp. 1947 Memorandum of para- 
typhus infection of human beings through imported egg 
products. 

Wapswortu, A. B. 1947 Standard methods of the division of 
laboratories and research of the New York State Department 
of Health. 3rd Ed., Williams & Wilkins, Baltimore. 

Wart, J. 1945 An outbreak of Salmonella infections in man 
from infected chicken eggs. U.S. Public Health Rpts., 
60, 835-839. 








! 
cull 
ma 
gat 
ch r 
ser 
403 
giv’ 
hal 
Q17 
at | 
ant 
rept 

1 
var 
seri 
mec 
wit 
ant! 


1 
*9 
vari 
M3 
mer 
The 
Ten 
late 
cons 
assa 
T 
gluc 
gluc 
agal 
com 
of { 
latic 
0.5 
cent 
Cult 
two 
Guy: 
cons 
port 


maz 





lla 
In- 


ital 


of 
on- 
ion- 


H. 
ised 


79, 


“ung 
ntr. 


‘tent 
cent 
‘e of 
ood 


AND 
rhole 
o" 


para- 
1 egg 
‘on of 
tment 
e. 

1 man 
Rpts., 





Degeneration and Regeneration of Streptomyces Griseus' 


ANNA Marta WILLIAMS AND ELizABETH McCoy 


Department of Bacteriology, University of Wisconsin, Madison 6, Wisconsin 


Received for publication, July 13, 1953 


An important consideration in handling industrial 
cultures is the effect of artificial media upon the 
maintenance of stability. Reese et al., (1949) investi- 
gated stability of penicillin production by Penicillium 
chrysogenum Wis. Q176 when transferred in several 
series on slants of different agar media. In a total of 
403 transfers they observed only two sectors, one 
giving a normal yield of penicillin and the other only 
half as much. They concluded that the strain Wis. 
QJ176 can safely be carried by successive agar transfers 
at weekly intervals. No similar study on stability of 
antibiotic production by a streptomycete has been 
reported. 

The present study deals with (1) morphological 
variation and stability of antibiotic production upon 
serial transfer of Streptomyces griseus on artificial 
media, (2) possible correlation of changes in potency 
with changes in morphology, and (3) regeneration of 
antibiotic-producing ability. 


MATERIALS AND METHODS 


from Dr. Waksman’s 
#9 strain of S. griseus (C, V, and an asporogenous 
variant N) and four from his * 4 strain (C-57, C-131, 
M366P1, and W4-2) were used. All cultures are com- 
mercial strains except W4-2, our laboratory strain. 
The greater part of the work was done with M366P1. 
Ten replicate slants of yeast-glucose agar were inocu- 
lated from stock cultures of this strain, and were 
considered as the original culture in the comparative 
assays of antibiotic activity. 


Three descendant strains 


The two long series of transfers were made on yeast- 
glucose agar (1 per cent yeast extract, 0.5 per cent 
glucose (cerelose), 0.1 per cent K,HPOx,, 1.5 per cent 
agar). This formula, or slight variations of it, is a 
commonly used medium for S. griseus. Shorter series 
of transfers were made on maltose and starch sporu- 
lation agars (1 per cent maltose or soluble corn starch, 
0.5 per cent tryptone, 0.05 per cent K,HPOx,, 0.05 per 
cent NaCl, 0.01 per cent FeSO,, 2.0 per cent agar). 
Cultures on yeast-glucose agar were transferred every 
two days and on maltose and starch agars every three 
Guys, the interval being determined by the time neces- 

' Published with the approval of the Director of the Wis- 
consin Agricultural Experiment Station. This work was sup- 
ported in part by a grant of funds from the Upjohn Co., Kala- 
mazoo, Michigan. 
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sary for good sporulation. A loopful of spores (or a 
loopful of surface growth with nonsporulating cultures) 
from the middle of the previous slant was spread up, 
down, and up the slant with a side-to-side motion. 
Incubation was for 5 days at 30 C, after which slants 
were stored in an icebox at 6 to 12 C until tested. 

Cultures were observed macroscopically at each 
transfer, and about every 30 transfers the slants were 
streaked on plates of yeast-glucose agar by a standard- 
ized procedure and the resulting growth examined 
macroscopically and microscopically at various stages 
of growth. 

To determine antibiotic production, duplicate or 
triplicate 500-ml Erlenmeyer flasks containing 100 
ml of Waksman’s fermentation medium (Waksman, 
1950) were inoculated from five-day-old cultures on 
yeast-glucose agar slants, the slants having been 
inoculated from the serial transfers held for antibiotic 
production studies. Flasks were incubated at 30 C on 
a rotary shaker, and a ten ml sample was removed 
aseptically on the 3rd, 4th, 5th, and 6th days for pH 
determination and microscopic examination of whole 
broths and antibiotic assay of supernatants from 
centrifugation. The assay procedure was a dipping 
modification of the standard paper disc-agar plate 
method of Loo et al., (1945), with Bacillus subtilis 
as the test organism. One unit was equal to 1 micro- 
gram of pure streptomycin base. 

To obtain a spore inoculum from poorly-sporulating 
cultures in one of the attempts at regeneration, a 
few loops of surface growth were suspended in about 
10 ml of sterile distilled water. The suspensions were 
centrifuged under conditions of speed and time which 
would throw down vegetative growth but leave some 
of the spores floating. Spores were pipetted from the 
surface and diluted in sterile 1:10,000 castile soap (a 
concentration found to be non-toxic), and 0.2 ml was 
spread on the surface of yeast-glucose agar plates. 
Dilutions were prepared to give 20 to 40 colonies per 
plate. 

To determine relative antibiotic activity of colonies, 
a seed layer of B. subtilis was poured onto the plates 
after 2 days. Zones of inhibition which developed were 
compared, the relative sizes of the colonies being taken 
into account, and yeast-glucose slants were streaked 
from colonies showing the highest activities. These 
slants were used to inoculate fermentation flasks. 
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RESULTS 
Morphological Variability Upon Serial Transfer 
The original culture of M366P1 on yeast-glucose 
agar had a medium-brown vegetative mycelium, short 
gray aerial hyphae, and white spores which developed 
a buff color with age. At 48 hours the growth was 
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layer and a decrease in exuded droplets were nied, 
No sector or definite decrease in sporulation was <een 
until transfer 58, which had fewer spores at the top of 
the slant. The area and degree of sparse sporul: tion 
increased gradually upon subsequent transfer, inti 
in transfer 71 there appeared a heaped-up mealy 
growth at the base, with web-like ridges of spores 





Original 





Transfer 60 








Transfer 80 


Fig. 1. Strain M366P1 on yeast-glucose agar plates: 


uniformly covered with a thick, wrinkled spore layer, 
and a soluble brown pigment had diffused into the 
substratum. Exuded droplets were scattered over the 
streaks and the base of the slants. 

This strain was transferred on yeast-glucose agar 
slants every two days for 100 times. The morphology 
appeared the same through the 25th (+) slant, after 
which an increase in drying and cracking of the spore 


Transfer 90 


original culture and transfers 60, 70, 80, and 90. 


over the rest of the slant. This heaped-up growth 
increased and became more moist until transfer 89 
(+), when it began to decrease until the last cultures 
in the series were completely asporogenous or contained 
a few web-like ridges of spores. The mealy aerial growth 
was creamy but still developed the buff color on aging. 
The thickness and color of the vegetative mycelium 
and pigmentation of the medium decreased con- 
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siderably. Degenerated cultures (those after appearance 
of mealy growth) did not change significantly in rate 
of growth. 

The same progression of changes was revealed when 
inocula from the serial transfers were streaked out on 
plates of yeast-glucose agar (figure 1). Masses of 
mealy growth and thin ridges of spores were scattered 
over the streaks. When plates containing degenerated 
cultures were stored at room temperature for 2 weeks, 
areas of normal sporulation developed at the edges of 
streaks made from transfers 71-77. 

Microscopically, no difference was seen until the 
cultures showed sporulation. Egg albumin 
impression slides of asporogenous areas had both fewer 
spores and shorter chains. In the degenerated cultures, 
one-fourth to three-fourths of the spores or spore-like 
units were short ovoid and cylindrical rods the length 


sparse 
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was started and carried to the 68th transfer. This 
series showed essentially the same pattern of mor- 
phological degeneration, with pronounced decrease in 
sporulation. Transfer 68 had only thin patches of the 
normal type of sporulation scattered over the vegeta- 
tive mycelium. 

To see whether the pattern of degeneration was 
characteristic of the strain or of the medium, maltose 
sporulation agar was inoculated from transfer 20 of 
the first series on yeast-glucose, and 45 serial transfers 
were made. On this medium, a pink color developed 
on the spore layer. Except for a wide variation in 
intensity of the pink pigment and in amount of exuded 
droplets, M366P1 remained morphologically stable on 
this medium. 

Shorter series were run with strains W4-2, C-131, 
C-57, C, and V. Five transfers of each strain were 


TABLE 1. Degeneration of Streptomyces griseus M366P1 during serial transfer 





A. FIRST SERIES ON YEAST-GLUCOSE AGAR 


Transfer Day of peak Peak potency pi ea Transfer 
u/ml % 

original 5 123 original 
12 5 68 45 10 
24 5 51 59 20 
36 3 57 54 30 
48 3 27 79 40 
60 3 45 64 45 
66 3-6* 47 62 50 
72 3-6* 10 92 55 
78 3-6* 4 97 
84 3-6* <1 >99 
90 3-6* 2 98 
96 3-6* <i >99 
100 3-6* <i >99 

* Potencies at nearly same level, 3-6 days. 


+ Drop in potency from transfer 20. 


of two to three normal spores and slightly wider. 
These rods were not in chains. The spores of normal 
size which were present appeared singly or in short 
chains under ten. 

The inoculum for the serial transfers had always 
been taken from the middle of the slant, and so de- 
creasing sporulation in that area could have hastened 
the degeneration. Since in the degeneration pattern 
the base was the last area to decrease in sporulation, 
inoculum from it should test this possibility. A sub- 
series was started from the base of transfer 36 (which 
had a normal spore layer over the entire surface), 
and inoculum for subsequent samples was also taken 
from the base. Nevertheless, this subseries showed 
the same pattern of degeneration, and the mealy 
sporulation appeared only four transfers later than in 
the original series. 

To test whether the degeneration of M366P1 on 
yeast-glucose agar was reproducible, a second series 


B. SECOND SERIES ON YEAST-GLUCOSE AGAR 





C. MALTOSE SPORULATION AGAR 


Peak potency one Transfer Peak potency fees 
u/ml / u/ml W/ 
53 
49 
48 20 49 
101 30 27 45 
107 40 15 69 
30 43 
27 49 50 13 73 
11 79 55 8 84 
60 10 80 


made on yeast-glucose agar to determine whether 
potency dropped during only a few transfers, such as 
might be made inadvertently in work with S. griseus. 
All strains sporulated well and did not change mor- 
phologically. Forty-seven transfers were made on 
maltose sporulation agar. Each strain showed a great 
variation in shade and intensity of the pink to pinkish- 
brown color on the spore layer, and slight variations 
in amount of exudation and in surface wrinkling. 
Otherwise, all strains except W4-2 sporulated well and 
remained morphologically stable. W4-2 showed a 
noticeable drying and cracking of the spore layer after 
about 25 transfers. 


Stability of Antibiotic Production Upon Serial Transfer 


Table 1(A) shows a streptomycin assay of the first 
series of M366P1. Similar results were obtained in other 
assays made at different intervals in the degeneration, 
although the actual values of antibiotic potencies and 
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percentage decrease naturally varied somewhat with 
different fermentations. In some assays, decreases as 
great as 87 per cent (from 45 to 79 per cent in the 
assay shown) were obtained before diminished sporu- 
lation or any other major morphological change was 
apparent. All morphologically degenerated cultures had 
less than 10 per cent of their original potency, and 
finally practically no activity. 

Slight flask to flask differences in pH occurred, but 
no correlation could be made between pH and progres- 


TABLE 2. Streptomyces griseus strains V, C-131, and W4-2 on 
yeast-glucose and maltose agars 


STRAIN | TRANSFER PEAK POTENCY 


Yeast-glucose agar 


u/ml 
V 1 149 
3 108 
5 49 
C-131 1 29 
3 17 
5 12 
Maltose agar 
V 1 63 
10 145 
20 101 
30 155 
40 90 
C-131 1 33 
5 13 
10 ll 
20 8 
30 8 
40 7 
W4-2 1 33 
5 20 
10 + 
20 3 
30 3 
40 2 


sion from early to late transfers. However, beginning 
with transfer 36 (Table 1(A), peaks in potency oc- 
curred earlier and therefore at lower pH values, in the 
range of pH 7.8 to 8.0 instead of pH 8.4 to 8.5. Macro- 
scopically, it could be seen that fragmentation and 
lysis were taking place earlier in flasks inoculated from 
transfers 60 to 100.) Microscopically, differential 
staining of hyphae, degree of fragmentation, and spore 
formation were greater with these later transfers at 
each sampling period. 

A few of the ten subcultures made from the M366P1 
stock (see Materials and Methods) varied in potency 
from the range of the others, 120 to 160 units/ml 


under our conditions. Inadvertently, a culture ater 
found to have a potency of only 50 to 80 unit-/mli 
was used to inoculate the second series of M3(.jP1; 
thus, the first transfer in this series assayed on!y 53 
units/ml. However, an interesting result was obta ned. 
As shown in table 1(B), antibiotic production fcr no 
apparent reason increased in transfers 30 and 40 (101 
and 107 units/ml) and then showed a large dec: case, 
Transfer 55 had dropped 79 per cent from the potency 
of the first transfer, compared with transfer 60 in the 
first degeneration series, which had dropped 64 per 
cent. 

It will be recalled that the M366P1 series on maltose 
agar was started from transfer 20 in the first series 
on yeast-glucose agar. The potency of the first transfer 
on maltose was 49 units/ml, which is in the range of 
the 51 units/ml obtained for transfer 24 in the yeast- 
glucose series. Table 1(C) shows that antibiotic pro- 
duction decreased 45 per cent between the first and 
tenth transfers on the maltose medium, whereas it did 
not drop between the corresponding transfers on the 
glucose medium, that is, transfer 24 and 36 (table 
1(A). Although the cultures never showed any mor- 
phological degeneration on maltose agar, antibiotic 
production decreased more than on the glucose medium. 
Transfer 60 assayed 10 units/ml in the maltose series 
and 45 units/ml in the yeast-glucose series. 

The potencies of strains C, N, and C-57 were too 
low under our conditions of fermentation to warrant 
more than a study of morphological variation. Table 2 
gives the results of assays on V, C-131, and W4-2. V 
showed a 67 per cent decrease in potency during 5 
transfers on yeast-glucose agar. On maltose agar the 
initial activity was less (63 units/ml), but the potency 
of transfer 10 was 145 units/ml, almost the same as the 
initial value on yeast-glucose, and the potency was 
still high at the 40th transfer. The decreased activity 
of transfer 40 may be the beginning of a general decline 
in antibiotic production, or may represent a temporary 
decrease. Unlike V, strains W4-2 and C-131 were not 
stimulated during transfer on maltose agar. 


Regeneration of Antibiotic Potencies 


Three methods were tried to reverse the degenera- 
tion in antibiotic production of M366P1 in the first 
series on yeast-glucose agar: transfer to maltose and 
starch sporulation agars, growth in soil, and selection 
of natural variants. 

Sporulation agars. Although decreases in antibiotic 
potency were obtained before any change in sporula- 
tion was seen, the decrease to almost no activity coin- 
cided with cultures becoming asporogenous. Thus, it 
was thought that antibiotic potencies might rise if 
these cultures were induced to sporulate well. De- 
generated cultures from transfers 75 and 80 were 
serially cultivated on maltose sporulation agar (used 
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successfully in this laboratory with some poorly 
sporulating Streptomyces). In the series starting with 
culture 75, sporulation increased with each transfer, 
until the twelfth appeared the same as the original 
M366P1 strain on this medium. Twenty serial transfers 
on maltose agar were made starting with culture 80, 
but although the normal type of sporulation reappeared, 
the spore layer remained thin with asporogenous 
areas. 

The normal type of sporulation returned at the 
first transfer of degenerated cultures 75, 80, 90, and 
100 to starch sporulation agar. A normal amount of 
sporulation was present after 5 to 10 transfers. Starch 
transfers 1, 5, 10 from each of the above four cultures 
were assayed along with maltose transfers 1, 6, 12 
from culture 75 and 1, 10, 20 from culture 80. All 
gave less than 10 units/ml except the maltose and 
starch transfers from culture 75, which had potencies 
of 14-25 units/ml. Since culture 72 in the degeneration 
series assayed 10 units/ml and culture 78 4 units/ml, 
transfers on maltose and starch agars starting from 
culture 75 showed a slight increase over those at the 
beginning of mealy sporulation, but did not approach 
the antibiotic production of the original culture. 

Asporogenous strain N was transferred 10 times on 
both the maltose and starch agars, but the cultures 
were completely asporogenous or contained only a 
few ridges of spores. Several slants were assayed but 
none showed any activity. 

Soil. The original culture and every tenth transfer, 
except for 75 in place of 70, were inoculated into tubes 
of sterilized soil and allowed to grow. Transfer 75 
was included in order to have a culture from near the 
beginning of degeneration. It will be recalled that 
mealy growth first appeared in transfer 71. Sporulation 
in the soil was noted in all tubes except those inoculated 
from transfers 75, 80, 90, and 100. After 2 weeks of 
incubation at 30 C, transfers were made to yeast- 
glucose agar slants which were used to inoculate 
fermentation flasks. The morphology of all cultures on 
these slants was the same as on corresponding serial 
transfers, and all potencies were in the range of those 
of the corresponding serial transfers. Thus, growth in 
sterile soil did not change the antibiotic-producing 
ability of degenerated cultures or of those with normal 
morphology. 

Natural variants. To find natural variants which 
were higher producers of streptomycin, inocula from 
the original culture and every tenth transfer (except 
for 75 in place of 70) were plated out on yeast-glucose 
agar as described in Materials and Methods. A spore 
inoculum was obtained for all cultures but 80, 90, and 
100. Since mycelium and spore-like units in the latter 
cultures could not be separated by centrifugation, a 
mixed inoculum was taken off their surfaces. Anti- 


biotic activity of colonies was determined by the 
colony assay method. 

All of the largest zones were around colonies with 
thick spore caps; however, many colonies with good 
sporulation had small or no zones. All asporogenous 
and mealy colonies had small or no zones. Both normal 
and mealy spore caps appeared on plates from transfer 
75, but no colonies from transfers 80, 90, and 100 had 
the normal type of sporulation. From a total of 217 
plates in 5 platings, with an average of about 30 


TaBLe 3. Selection of natural variants of Streptomyces griseus 
| COMPARISON WITH TRANSFERS 


PEAK POTENCY OF IN DEGENERATION SERIES 


TRANSFER eee SELECTED COLONIES . eee 
| Transfer Potency 
| u/ml es ia wr ; 

original | 4 125 (2) original 123 
| 105 

10 | 4 none assayed | 
| 
20 | 4 160* 12 68 
| 110* | 24 51 
| |e 
72 
| | 
30 | «2 | (105* | 36 | 387 
| | 96* | | 
| 89* | | 
83* | | 
| 81-69 (5) 
0 | 4 «| ~~ 28 | 
| | 23 
| | 
| | , | 
50 | 24 25-55 (6) | 48 | 27 
| | | 
60 | 54 105* (2) | 60 | 45 
| 96" | 
75 ~CO«| COB 105* | 3 +) 
| 96* (3) 73 206|Cl4 
74* | 


80, 90, 100 | 15 each | none assayed | | 





* At least 40 per cent higher than potency range of parent 
culture. 





colonies per plate, 32 colonies were tested for potency 
in fermentation flasks. Results are reported in table 3. 
Occasional difficulty in judging the relation of zone 
size to colony size may explain the selection of some 
colonies which had low potencies. 


DISCUSSION 


The appearance of the degenerated cultures cor- 
responds to the description of genus Nocardia in the 
6th edition of Bergey’s Manual of Determinative Bac- 
teriology (Breed et al., 1948). ‘“The colonies of nocardias 
have a paste-like or mealy consistency.... Typical 
nocardias never form an aerial mycelium, but there are 
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cultures whose colonies are covered with a thin coating 
of short aerial hyphae, which break up into cylindrical 
oidiospores.” Other reports of transitions between 
streptomycetes and nocardias appear in the literature. 
In an examination of 1,298 freshly isolated cultures of 
Streptomyces, Jones (1949) stated that one-fifth fluctu- 
ated in production of aerial mycelia, and that assign- 
ment of the fluctuating group to Streptomyces or 
Nocardia would be entirely arbitrary. Schatz and 
Waksman (1945) found that sporogenous areas often 
developed on old stationary cultures of inactive non- 
sporulating strains of S. griseus, and described these 
strains as intermediate. Appleby (1948) reported an 
asporogenous variant of S. griseus which could be 
propagated on a variety of media without reversion. 

In the present study, asporogenous cultures were 
apparently stable on some media but would revert on 
others. The degenerated asporogenous variant of 
M366P1 remained stable on yeast-glucose and maltose 
media, but was easily transformed to the sporogenous 
culture on starch medium. N remained asporogenous 
on all three media. Areas of normal sporulation de- 
veloped at the edges of streaks made from degenerated 
transfers 71-77. These may correspond to Waksman’s 
“intermediate*‘ asporogenous variants. Which of the 
degenerated cultures should be classified as Strepto- 
myces and which as Nocardia? According to the classifi- 
cation in the 6th edition of Bergey’s anual, the transi- 
tion is not only between genera, but between two 
families, Streptomycetaceae and Actinomycetaceae. 

Carvajal (1946), Waksman and Harris (1949), and 
Dulaney et al., (1949) could find no definite correlation 
between morphological or cultural characteristics and 
streptomycin production. The only correlation between 
morphology and antibiotic production in the present 
study was that asporogenous cultures or those with 
the mealy type of sporulation had potencies of 10 
units/ml or less. Many colonies with good spore caps 
were poor producers or inactive, and serial transfers 
which could not be distinguished morphologically 
from the original cultures had dropped significantly in 
antibiotic production. 

Waksman (1949) has reported that asporogenous 
inactive cultures of S. griseus which revert to the 
sporulating strain will produce streptomycin. In the 
present work, antibiotic-producing ability was in- 
creased slightly with reappearance of sporulation in 
a culture near the beginning of degeneration (transfer 
75), but not in cultures farther along in the series 
(transfers 80, 90, 100). 

Transfers in all the series showed a marked variation 
in pigmentation on the spore layer and in amount of 
exudation. Besides this normal variation in deliques- 
cence, a drying and cracking of the spore layer with 
decrease in exuded droplets was always noticed before 
decreased sporulation. M366P1 was more. stable 


morphologically on maltose agar than on yeast-ghi: ose, 
but potencies decreased faster on maltose. This ‘ndi- 
‘ates that the optimum artificial medium for preserving 
high potencies in S. griseus is not necessarily the 
medium which gives the most stable morphology. 

In fermentation shake flasks, degenerated cul: ures 
showed earlier fragmentation and lysis and produced 
more spores. Similar results have been reported by 
other workers. Schatz and Waksman (1945) found 
that antibiotically active strains took about twice as 
long to undergo lysis as did asporogenous inactive 
strains. Carvajal (1947) stated that a non-streptomycin- 
producing strain of S. griseus showed better sporulation 
in shake flasks than any of the streptomycin-producing 
strains did under the same conditions. He did not 
say whether the parent culture was sporogenous or 
asporogenous. 

Although Jones (1946) and Erikson (1947) found 
that sporulation in some streptomycetes was restored 
by growing in sterilized soil, this method was not 
successful in the present study. Growing the cultures 
in soil preserved both morphology (including the 
degenerate type) and antibiotic-producing ability, but 
did not increase the latter. Natural variants with higher 
streptomycin-producing ability were selected from 
sporogenous and poorly sporulating cultures and from 
one near the beginning of the degeneration (transfer 
75), but not from cultures farther along in the de- 
generation (transfers 80, 90, 100). These variants were 
relatively few, and it may be concluded that a large 
number of samples would have to be plated out to 
obtain superior strains by this method. 

Waksman (1950) has stated that the ability to form 
streptomycin may be considered a strain property 
rather than a species characteristic like the formation 
of penicillin by the Penicillium notatum-P.. chrysogenum 
group of fungi. Thus, it is not surprising that anti- 
biotic production by P. chrysogenum (Reese et al., 
1949) should be more stable to serial transfer. The 
present study has shown that the antibiotic-producing 
ability of S. griseus is not stable upon transfer on 
artificial media, and that the antibiotic production of 
a culture cannot be judged by its morphological 
appearance. 


SUMMARY 


During 100 serial transfers on yeast-glucose agar 
strain M366P1 of Streptomyces griseus showed a pro- 
gressive degeneration into cultures morphologically 
typical of Nocardia. After 58 transfers, the cultures 
first decreased in sporulation, then developed a mealy 
growth, and finally became asporogenous. Shorter 
series of transfers were made of six other strains of S. 
griseus. 


Significant decreases in potency occurred before 
decreased sporulation or any other morphological 

















chan 
mor} 
enou 
spor’ 
subn 
sarlit 

Ne 
ferrit 
agar 
a cu 
in ct 
steril 
dege’ 
but | 

Ni 
from 
near 
cultu 
supe 








Se, 
di- 
ing 
the 


res 
red 

by 
ind 


und 
red 
not 
ures 
the 
but 
rher 
rom 
rom 
ister 
de- 
were 
arge 
it to 


form 
erty 
ation 
num 
anti- 
t al., 
The 
acing 
r on 
on of 
gical 


agar 
| pro- 
‘ically 
Itures 
mealy 
horter 

of S. 


before 
ogical 











change Was apparent. The only correlation between 
morphology and antibiotic production was that asporog- 
enous cultures or those with a degenerate type of 
sporulation gave yields of 10 units/ml or. less. In 
submerged fermentations, degenerated cultures showed 
arlier lysis and produced more fragmentation spores. 

Normal aerial sporulation was restored by trans- 
ferring degenerated cultures on maltose and starch 
agars. This increased antibiotic production slightly in 
a culture near the beginning of degeneration, but not 
in cultures farther along in the transition. Growth in 
sterilized soil preserved morphology (including the 
degenerate type) and antibiotic-producing ability, 
but did not increase the latter. 

Natural variants with higher potencies were selected 
from cultures with normal morphology and from one 
near the beginning of degeneration, but not from 
cultures well along in the transition. However, these 
superior variants were relatively few. 


REFERENCES 


AppLeBY, J. C. 1948 An asporogenous variant of Strepto- 
myces griseus. J. Gen. Microbiol., 2, 80-82. 

BREED, R. S., Murray, E. D. G., ANp Hitcuens, A. P. 1948 
Bergey’s Manual of Determinative Bacteriology. 6th Ed. 
The Williams & Wilkins Co., Baltimore, Md. 

CarvasAL, F. 1946 Biological strains of Streptomyces griseus. 
Mycologia, 38, 596-607. 


DEGENERATION AND REGENERATION OF S. GRISEUS 





313 


CarvaJAL, F. 1947 The production of spores in submerged 
cultures by some Streptomyces. Mycologia, 39, 426-440. 

Dutaney, E. L., Rucer, M., anp Huavac, C. 1949 Observa- 
tions on Streptomyces griseus. IV. Induced mutation 
and strain selection. Mycologia, 41, 388-397. 

Ertkson, Daany 1947 Differentiation of the vegetative and 
sporogenous phases of actinomycetes. 2. Factors affect- 
ing the development of the aerial mycelium. J. Gen. 
Microbiol., 1, 45-52. 

Jones, K. L. 1946 Further notes on variation in certain 
saprophytic actinomycetes. J. Bacteriol., 51, 211-216. 

Jones, K. L. 1949 Fresh isolates of actinomycetes in which 
the presence of sporogenous aerial mycelia is a fluctuating 
characteristic. J. Bacteriol., 57, 141-145. 

Loo, V. H., SKELL, P. S., THorNBeRRy, H. H., Exnruicnu, J., 
McGuire, J. M., Savace, G. M., aNp SyLvEsTER, J. C. 
1945 Assay of streptomycin by the paper disc-plate 
method. J. Bacteriol., 50, 701-710. 

ReeEs&, E., SANDERSON, K., Woopwarp, R., AND EISENBERG, 
G.M. 1949 Variation and mutation in Penicillium chrys- 
ogenum, Wis. Q176. J. Bacteriol., 57, 15-21. 

Scuatz, A., AND WaksMAN,S. A. 1945 Strain specificity and 
production of antibiotic substances. IV. Variations 
among actinomycetes with special reference to Actinomyces 
griseus. Proc. Nat. Acad. Sci., U. S. 31, 129-137. 


WaksmMan, S. A. 1949 Streptomycin. The Williams & 
Wilkins Co., Baltimore, Md. 

WaksMan, 8S. A. 1950 The Actinomycetes. 
tanica Co., Waltham, Mass. 

WaksMan, S. A., anp Harris, D. A. 1949 Streptomycin- 
producing capacity of different strains of Streptomyces 

Proc. Soc. Exptl. Biol. Med., 71, 232-235. 


Chronica Bo- 


griseus. 





Microbiological Studies of Cucumber Fermentations' 


R. N. Costirow Ano F. W. Fasian 


Department of Bacteriology and Public Health, Michigan State College, East Lansing, Michigan 


Received for publication July 29, 1953 


Previous studies (Etchells et al., 1944, 1945, 1950a, 
1952; and Rosen and Fabian, 1953) have established 
that there are three groups of microorganisms which 
are often active during the fermentation of cucumbers 
for salt stock. These are lactic acid bacteria, yeasts, 
and gram-negative bacteria of the coliform group. 
However, the extent of activity of the various groups 
probably depends on a large number of environmental 
factors. Thus, it is of importance to have information 
on the microbial picture of cucumber fermentations 
under various conditions. 

This study was initiated as a basis for a study of the 
availability in cucumber brines of certain vitamins 
and amino acids which are essential for the growth of 
Lactobacillus plantarum. Both population studies and 
identification studies of the various major groups of 
microorganisms in cucumber fermentations under 
commercial conditions in Michigan and under labora- 
tory conditions are presented. 


EXPERIMENTAL PROCEDURES AND METHODS 


Fermentations studied and methods of sampling. A 
total of 13 cucumber fermentations were studied, 10 
commercial and 3 in the laboratory. The 10 tanks of 
fermenting cucumbers under commercial conditions 
were located at the salting station of the H. W. Madison 
Co. at Mason, Michigan. All fermentations were 
brined within a 20-day period during the month of 
August, 1952. The commercial tanks were of the regular 
wooden variety and ranged in size from 700 to 1100 
bushels capacity. Five tanks were filled with size 
No. 1° cucumbers and the other five were filled with a 
mixture of sizes 2 and 3 cucumbers. The three labora- 
tory experiments were carried out in 5-gallon crocks 
over which an ultraviolet light was used to prevent 
growth of film yeasts. The same variety of cucumbers, 
Davis, grown on the same plot of ground was used in 
filling all three crocks. Crock FC 1 contained size No. 
1 cucumbers, crock FC 2 contained size No. 2 and 
crock FC 3 was filled with size No. 3 cucumbers. 


1 Journal Article No. 1535. 

2 Size No’s. 1, 2 and 3 refer to different grades commonly 
used by pickel packers in buying cucumbers. Size No. 1 ranges 
up to 1% inches, size No. 2 up to 15% inches and size No. 3 up 
to 2 inches in diameter. 
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Samples of the brine were taken daily from all 
fermentations for a period of 15 days and then at 
increasingly longer intervals. The last samples of the 
laboratory brines were taken 36 days after the cucum- 
bers were salted and from the commercial brines at 
from 51 to 71 days, depending on the tank, after the 
cucumbers were salted. 

The sampling technique used for the large tanks 
was essentially that recommended by Etchells and 
Jones (1946b) except that only three perforations 
(about 2 mm in diameter) were made in the 34¢-inch 
(inside diameter) stainless steel tube. These perfora- 
tions were spaced 18 inches apart, starting at the 
sealed end of the tube. The tube was 6 feet long, the 
tanks about 7 to 8 feet deep. Thus, a composite sample 
was obtained including brine from various depths of 
the tank. The laboratory brines were sampled in much 
the same manner except that a glass tube was used 
and the open end moved slowly up from the bottom 
to the top as the sample was being withdrawn. 

On removal from the tanks the brine samples were 
immediately returned to the laboratory and chemical 
and bacteriological analysis made. 

Chemical and bacteriological methods. Brine 
samples were titrated with standard NaOH to deter- 
mine titratable acidity and with standard AgNO, 
using dichlorofluorescein as an indicator to determine 
per cent salt. 


sub- 


The V-8 agar with brom cresol green indicator de- 
vised by Fabian et al., (1953) was used in the enumera- 
tion and isolation of acid-producing bacteria, and 
dextrose agar acidified with 5 ml of 5 per cent tartaric 
acid per 100 ml of medium for yeasts. Lauryl-tryptose 
broth tubes were inoculated in triplicate with various 
dilutions of the samples to determine members of the 
coliform group. All incubation was done at 30 C. Three 
days’ incubation was allowed for the acid-formers, 
two days’ for the coliforms, and five days’ for the 
yeasts. 

The classification systems of Stelling-Dekker (1931), 
Lodder (1934) and Bedford (1942) were used in the 
identification of the yeast isolates. The methods 
described by these workers as modified by Etchells 
and Bell (1950a) were employed. 
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RESULTS 


Population Studies 


Commercial fermentations. With a few exceptions, the 
ten commercial fermentations studied were found to 
have similar patterns with respect to acid-forming 
organisms, yeasts, and coliforms. The general pattern 
of acid-forming bacteria and yeast activity in the 
fermentations studied is illustrated in figure 1. This 
represents the average populations of these two groups 
of organisms in the 10 fermentations at 
interval. 

In general the acid-forming bacteria count was 
found to rise sharply within 1 to 3 days after brining, 
reaching a peak within 5 to 6 days. The total number 
of these organisms declined rapidly for the following 
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Fic. 1. Average fermentations by acid-forming bacteria and 
yeasts in 10 commercial tanks of cucumbers. 


5 to 10 days, and then continued to decline at a slower 
rate for the remainder of the fermentation period 
studied. However, the maximum populations attained 
in the various brines from commercial operations 
varied from 5.5 X 107 to 1.29 X 10° per ml. Six of the 
ten fermentations had maximum populations ranging 
from 3 X 108 to 6 X 10° per ml. 

In contrast to the acid-producing bacteria, the 
yeasts were generally found to decline in number 
during the first few days after brining, started rapid 
growth after about 5 days, and reached their maximum 
population in from 10 to 20 days of fermentation. 
Thereafter, there was a steady decline in yeast popu- 
lation. The maximum populations attained in the 
various fermentations were quite variable, ranging 
from 1.57 X 10° to 2.6 & 10° per ml. 

Although some large variations were noted in the 
populations of coliforms present initially in the various 
brines, these organisms disappeared from. all 10 fer- 
meniations rapidly. None were found after 13 days. 
In ouly 5 of the 10 tanks studied was there any increase 
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in the population of coliforms and these increases 
were not large. Thus, it is believed that the coliforms 
played no significant part in these fermentations. 
Rather, it is believed that the coliforms entered the 
brines on the cucumbers, found conditions unfavorable 
for growth and died. 

Average changes in the acid and salt concentrations 
for the 10 commercial fermentations are given in 
figure 2. No evident correlation was found between 
the total titratable acidity formed and the maximum 
populations of acid-formers observed in the various 
brines. However, in two tanks where the initial salt 
concentrations were relatively high (9 to 11 per cent), 
low populations of acid-forming bacteria were ob- 
served and very little acid was formed. 
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Fig. 2. Average changes in acid and salt concentrations in 
the brines during the fermentation of 10 commercial tanks of 
cucumbers. 


Laboratory fermentations. The populations of acid- 
formers, yeasts, and coliforms in three laboratory 
fermentations are presented in figure 3. In general, 
the pattern of acid-forming bacteria populations was 
very similar to that obtained in the commercial fer- 
mentations studied, and is in close agreement with the 
findings of Rosen and Fabian (1953) in the study of 
two laboratory fermentations. However, the maximum 
populations of acid-forming bacteria attained in these 
lots, as well as in those reported on by Rosen and 
Fabian, were considerably lower than the maximum 
counts noted in the commercial fermentations. No 
significant difference was noted in the acid fermenta- 
tions of sizes No. 1 (crock FC 1) and 2 (crock FC 2) 
cucumbers, but in both of these crocks the acid- 
formers started rapid growth about one day earlier 
than with the No. 3’s (crock FC 3). 

The greatest difference in the fermentations in the 
laboratory as compared to those under commercial 
conditions was in the yeast fermentation. While a 
definite yeast phase of the fermentation was evident 
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in the commercial tanks, as outlined previously, the 
yeast populations in the laboratory experiments were 
quite variable and, on the whole, were at a fairly 
high level throughout the fermentation period studied. 
Pronounced differences were evident in the yeast 
species responsible for the fermentations and will be 
discussed later. 

The coliform populations were even more insignifi- 
‘ant in the laboratory fermentations than they were 
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Fig. 3. Populations of various microorganisms in three fer- 
mentations under laboratory conditions. 


in the commercial. The highest count observed was 
2.5 X 10* per ml and that was in a sample taken 
immediately after covering the cucumbers with brine. 
No coliforms were found to be present after the fifth 
day of fermentation in any of the three crocks. 

Acid and salt concentrations for the three laboratory 
fermentations are given in figure 4. Acid formation 
correlated with populations of acid-forming bacteria 
in that the rapid development of acid started more 
slowly in the lot with the large size cucumbers (No. 3) 
than with the two smaller sizes. Also, the maximum 
acidity was not so great as in the lots with the smaller 
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sizes. This may possibly be the result of the difftvence 
in nutritive content of various sizes of cucunbers, 
Costilow and Fabian (1953) have shown that larger 
cucumbers have lower contents of certain vitsmins 
and amino acids available for the growth of L. plan- 
tarum than smaller sizes. In addition, the rate of 
diffusion of nutrients from the cucumbers into the 
brine is much slower with large cucumbers than with 
small. 
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Fig. 4. Changes in acid and salt concentrations during the 
fermentation of three lots of cucumbers in the laboratory. 


Identification Studies 


Identification of acid-forming organisms. Since pre- 
vious work by Etchells and Jones (1946a) and Rosen 
and Fabian (1953) established that L. plantarum was 
the principal acid-forming organism in cucumber 
fermentations, only a few random isolations were made 
of these bacteria. However, of 20 isolates obtained by 
picking isolated colonies from V-8 agar plates only 16 
were definitely identified as L. plantarum according 
to the description of this species in Bergey’s Manual 
of Determinative Bacteriology (Breed, Murray and 
Hitchens, 1948). The other four isolates were gram 


positive cocci similar to Leuconostoc mesenteroides 
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but failed to produce slimy zrowth on sucrose-gelatin 
agar or CO, in dextrose broth. 

Four of the isolates identified as L. plantarum were 
compared with the well-known 17-5 strain of this 
species and were found to have very similar vitamin 
and amino acid requirements. The vitamins biotin, 
niacin, and pantothenic acid, and the amino acids 


TaBLe 1. Distribution of the various species of yeasts according 
to the fermentation from which they were isolated 


PER CENT OF TOTAL ISOLATES 


TOTAL 
» * NO. OF - 

— tso- | Torul- | Torula- “— oot Miscel- 
| tobe | ewok | gitar, | Seas: | eno 

13 (a) 31 9.7 | 35.5 | 29.0 | 16.1 9.7 
(b) 4 50.0 | 50.0; 0.0; 0.0; 0.0 

14 (a) 32 62.5 | 25.0 0.0 | 9.4 
(b) 20 80.0 | 20.0; 0.0; 0.0! 0.0 

21 (a) 27 8.2} 18:5:| 0:0 | 11.1 | 22 
(b) 15 | 80.0 | 20.0} 0.0; 0.0}; 0.0 

22 (a) 27 44.4 | 22.2 0.0 | 14.8 | 18.5 
(b) 16 68.7 | 25.0 0.0 0.0 6.3 

23 (a) 33 3.0 | 75.8 | 6.1 3.0 |. 12.3 
(b) 12 0.0 | 91.7 8.3 0.0 0.0 

24 (a) 32 28.1 | 40.7 | 18.8 6.3 6.3 
(b) 18 38.8 | 55.6 0.0 0.0 5.6 

32 a) 24 58.3 | 16.7 0.0 0.0 | 25.0 
(b) 11 |100.0/ 0.0} 0.0; 0.0; 0.0 

33 (a) 19 78.9 | 15.8 0.0 0.0 5.3 
(b) 13 92.3 ee 0.0) 0.0. 0.0 

34 (a) 24 62.5 | 25.0 0.0 3.1 9.4 
(b) 17 82.4 5.9 0.0 0:0) 11:7 

35 (a) 30 63.3 | 20.0 0.0 0.0 | 16.7 
(b) 24 75.0} 12:5 | 0.0) 0.0 | 12.5 

Grand totals (a) 279 44.1 | 29.8 6.4 5.7 | 14.0 
(b) 150 68.7 | 26.0 0.6 0.0 4.7 


* The values of (a) are based on the total number of isolates 
studied during the entire fermentation, while the (b) values 
represent only those isolates obtained from brine samples hav- 
ing a population of 10,000 per ml or above. 


leucine, isoleucine, valine, glutamic acid, cystine, 
tryptophane, and threonine, were found to be essential 
in the basal media used for all of the strains tested. 
Riboflavin was essential for two strains and_para- 
amino-benzoic acid was essential for three strains 
isolated from the cucumber fermentations. 

Yeasts from commercial fermentations. A total of 
279 yeast isolates were obtained from the commercial 
brines by picking isolated colonies from the highest 
dilutions showing growth on the acidified dextrose 


agar onto vegetable juice sporulation medium*. Based 
on the total 279 isolates from the 10 commercial 
fermentations, Torulopsis holmii represented 44.1 per 
cent; Torulaspora rosei,! 29.8 per cent; Hansenula 
subpelliculosa, 6.4 per cent; Brettanomyces versatilis', 
5.7 per cent; and a miscellaneous group accounted for 
the remaining 14.0 per cent. 

The occurrence of the two predominating species 
in the various fermentations was of particular interest 
(table 1). While both yeasts were found in all 10 
fermentations, Torulopsis holmii was apparently in 
great predominance in 7 of the tanks, and in the other 
3 tanks (Nos. 13, 23, 24) Torulaspora rosei appeared 
to predominate. Based on only those isolates from 
brines having a population of over 1 X 10* per ml, 
the predominance of Torulopsis holmii in the seven 
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Fic. 5. Estimated sequence of various yeast species in the 
fermentation of cucumbers under commercial conditions. 


tanks was even more pronounced, and in tanks 13 
and 24 the number of isolates of the two major species 
was not greatly different. However in tank 23 Toru- 
laspora roset was apparently responsible for the major 
yeast fermentation. 

From the percentage of isolates obtained at various 
stages in the fermentation there appeared to be a 
significant sequence of the various yeasts. This is 
illustrated in figure 5. The first few days after brining 
a miscellaneous group of yeasts apparently predomi- 
nated. Hansenula subpelliculosa was also found during 
this early period. During the most active phase of 


yeast fermentation the predominating yeast was 


3 This medium was prepared as described by Etchells and 
Bell (1950a) except that the V-8 juice was filtered through a 
single layer of cheese cloth in a Buchner funnel in order to 
prevent excessive foaming in the tube and wetting of the cotton 
plugs. 

4 Lodder and Kreger-Van Rij (1952) have recently classified 
Torulaspora rosei as Saccharomyces rosei and Brettanomyces 
versatilis as Torulopsis versatilis. However, since this new 
classification has not been completely accepted at this time 
the original names will be used in this manuscript. 
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Torulopsis holmii, which was replaced by Brettano- 
myces versatilis. Torulaspora roseit was found frequently 
throughout the fermentations. As noted above, this 
sequence does not necessarily occur in all cucumber 
fermentations but is merely an overall picture of the 
general yeast activity in these 10 tanks. 

Yeasts from laboratory fermentations. A total of 109 
isolates of yeasts from the three laboratory fermenta- 
tions were studied. However, 22 of these were found 
to be film-forming types and probably were not active 
in the subsurface fermentation. Such yeasts are found 
growing luxuriantly on tanks which are protected from 
the direct rays of the sun (Etchells and Bell, 1950b) 
but are rarely found in brines from unprotected tanks. 
Heavy films did not form on the laboratory brines as 
they were kept under ultraviolet irradiation. Never- 
theless, a little scum did form occasionally around the 
edges of the crocks where the brine surface was pro- 
tected from the ultraviolet light, and this was thought 
to be the source of these 22 isolates. For this reason, 
only 87 non-film-forming isolates will be considered 
here. 


1 


TABLE 2. Yeast isolates from laboratory fermentations 


i joa a. | MISCELLANEOUS | TOTAL 
CROCK NO. ; : NUM- 
| BER 
No. a ae Q No. % 
| en oe ee oe 0 4 |18.2| 22 
ee es a hac! 44.8 8 27.6 S 27.6 29 
eee 27 75.0 6 16.7 3 8.3 36 





Totals...... 58 66.7 14 16.1 15 17.2 87 
Of these 87 cultures, 58 or 66.7 per cent were found 
to be Torulaspora rosei; 14 (16.1 per cent) were Hanse- 
nula subpelliculosa, and 15 (17.2 per cent) were un- 
classified. The unclassified group represented a num- 
ber of different species and will be referred to here as 
miscellaneous yeasts. The distribution of these isolates 
as to the source is given in table 2. 

In all three lots the principal yeast appeared to be 
Torulaspora rosei. This was in marked contrast to the 
commercial fermentations where Torulopsis holmii 
predominated in all instances but three and was isolated 
from every fermentation. Not a single isolate of this 
yeast was obtained from the laboratory fermentations. 

Identification of coliform organisms. Twenty isolates 
of members of this group were obtained by streaking 
eosin-methylene blue agar plates from positive lauryl- 
tryptose broth tubes and then picking isolated colonies 
from the agar plates onto nutrient agar slants. All 
cultures proved to be gram-negative, non-spore- 
forming, aerobic or facultative anaerobic, short rods, 
and produced acid and gas in lactose broth. Therefore, 
they were members of the coliform group. Further 
identification was not made, as the significance of this 


group in the fermentations studied was very dow tful, 
However, Etchells et al., (1945) and Rosen and F :\bian 
(1953) noted that these gram-negative bacteri., be- 
longed to the Aerobacter genus and that Aero acter 
cloacae was the predominating species. 

DiscussION 

Under the conditions of these experiments, there 
were only two groups of microorganisms active in the 
fermentation of cucumbers, namely, the acid-forming 
bacteria and the yeasts. In contrast to these results, 
Etchells e¢ al., (1945) have noted a hydrogen fermenta- 
tion due to Aerobacter in a number of commercial 
fermentations in North Carolina. These workers noted 
that such fermentations were more consistently found 
in high salometer brines than in low. Therefore, Aero- 
bacter fermentations might not be expected to be found 
as often in fermentations under northern conditions 
as under southern, since lower salometer salting 
schedules are generally followed in the North. Also, 
differences in average temperatures may affect the 
activity of these organisms. 

The pattern of acid-forming bacteria and yeast 
activity noted in the commercial cucumber fermenta- 
tions reported here was similar to that previously 
reported (Etchells et al., 1944, 1950a, 1952; and Fabian 
et al., 1944). However, Etchells et al., (1950a, 1952) 
did not note the initial drop in yeast populations 
observed in these fermentations. Also, in the study of 
brines collected in northern areas (Etchells ef al., 
1952) the peak populations of yeasts were noted to 
occur within the first 5 to 6 days after salting. This 
may well have been due to the time elapsed in shipping 
the brine samples from the North to the laboratory in 
North Carolina. 

The predominating acid-forming organism isolated 
was L. plantarum. This is in accord with the work of 
Etchells and Jones (1946a) and Rosen and Fabian 
(1953). However, since four isolates of a gram-positive 
coccus form were obtained here and twelve isolates oi 
this form were obtained from cucumber fermentations 
by Costilow and Etchells (1950), a comprehensive 
study of a much greater number of isolates from cucum- 
ber fermentations of the acid-forming group of bac- 
teria is indicated. 

These results and those of Etchells et al., (1952 
indicate that Torulopsis holmii is usually responsible 
for the early vigorous yeast fermentation in northern 
areas and is followed by Brettanomyces_ versatilis. 
However, Torulaspora rosei has been shown to be the 
predominant species in some instances. 
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SUMMARY 

The acid-forming bacteria, principally Lactobacillus 
plantarum, were found to start rapid growth in cucum- 
ber brines under both commercial and laboratory 
conditions within 24 hours after brining. These or- 
ganisms attained their peak populations in from 3 to 
5 days, declined rapidly for about the next 5 days and 
then continued to decline at a slower rate throughout 
the remainder of the period investigated (over 50 
days). 

Conversely, the yeast populations in the commercial 
fermentations declined for the first 3 to 5 days before 
initiating rapid growth. The peak populations of this 
group of microorganisms were reached between 10 
and 20 days after brining. A steady decline in yeast 
numbers was noted thereafter. Much variation was 
noted in the yeast populations in laboratory fermenta- 
tions but the yeast numbers were relatively high 
throughout the period investigated. No significant 
activity of the coliform group of bacteria was noted in 
the fermentations studied. 

Torulopsis holmii was found to be the predominating 
species of yeasts in seven of ten commercial cucumber 
fermentations studied. Torulaspora rosei predominated 
in one of the commercial fermentations and in all 
three of the laboratory fermentations. In the other 
two fermentations these two species appeared to be 
about equally active. Hansenula subpelliculosa and 
Brettanomyces versatilis were also isolated from these 
brines. 
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Until recently, the only essential nutrient for the 
acid fermentation of cucumbers which had been in- 
vestigated as such was sugar. Thus, Fabian and Wicker- 
ham (1935) noted that the addition of sucrose late in 
the fermentation resulted in an increase in the number 
of acid producing bacteria. However, Jones et al., 
(1940) and Veldhuis et al., (1941) demonstrated that 
while the addition of sucrose brought about an in- 
crease in the population of acid-forming bacteria, the 
titratable acidity formed in such brines was no higher 
than that in control lots. From these results it would 
appear that some other factor was limiting the amount 
of acidity formed. 

Costilow and Fabian (1953a) have shown that four 
isolates of Lactobacillus plantarum from cucumber 
fermentations all required at least three vitamins and 
six amino acids for rapid acid production. Therefore, 
these vitamins and amino acids must be present in 
fermenting brines in sufficient quantities for a desirable 
acid fermentation to occur. 

Rosen and Fabian (1953) have demonstrated the 
presence of biotin, niacin, and pantothenic acid in 
cucumbers and in cucumber brines. Their observations 
indicated that these three vitamins were present in 
brines in sufficient quantities throughout the fermenta- 
tion for L. plantarum. However, considerable variation 
was noted in the biotin, niacin and pantothenic acid 
content of the juice from different varieties and from 
individual cucumbers. In addition, biotin concentra- 
tions were greatly affected by the growth of various 
brine organisms. No determinations on the amino 
acid content of either cucumbers or cucumber brines 
were made in this work. 

The purpose of this study was to determine whether 
the vitamins and amino acids essential for L. plan- 
tarum were available in cucumber brines; and, if so, 
how rapidly they became available and the concentra- 
tions which they attained. 


MATERIALS AND METHODS 


Commercial Fermentations Studied 


As a basis for the study of the nutrients essential for 
L. plantarum in cucumber brines, 10 commercial 
fermentations were studied in detail as to their micro- 


1 Journal Article No. 1537. 
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biological activity. The results of this study were re- 
ported in a separate paper (Costilow and Fabian, 
1953a). Five of these ten commercial tanks contained 
size No. 1 cucumbers? and the other five contained 
mixed sizes of Nos. 2 and 3. Three of each of these 
two groups were selected for this study. The six fer- 
mentations chosen included both the high and the low 
extremes of acid-forming bacteria and yeast popula- 
tions noted in the various fermentations. The brine 
samples were frozen after removing from the tank and 
held until the assays could be run. 


Laboratory Fermentations and Controls 


One bushel of each of three sizes of cucumbers of the 
same variety and grown on the same plot of ground 
were obtained for the laboratory experiments. Each 
bushel was broken down into two lots and one lot 
used for a nonfermented control and the other for a 
laboratory fermentation. 

The nonfermented controls were brined in quart 
fruit jars; 11 jars of each size of cucumbers. Ten size 
No. 1 cucumbers per jar were brined in lot Cl, 5 size 
No. 2’s per jar in lot C2, and 2 size No. 3’s per jar in 
lot C3. After determining the weight of the cucumbers 
in each jar, they were covered with a 38° salometer 
(10 per cent salt) brine at the ratio of 1.8 ml brine to 
1 g. of cucumbers. This ratio was necessary to immerse 
the cucumbers completely in the brine. Five ml of 
toluene and 5 ml of chloroform were added to each 
jar to prevent fermentation and the jars sealed with 
regular screw type lids. 

Composite samples were taken of each lot by re- 
moving 5 ml of brine from each jar and pooling the 
samples from all 11 jars. The samples were tested for 
microbiological activity, and for acid and salt con- 
centrations. No organisms were found in any of the 
samples. All brine samples were frozen until the nutti- 
tive study was made. 

To prevent depletion of the brine in the jars, 5 ml 
of a 38° salometer brine was added to each jar when 
samples were removed for the first 5 days. None was 
added thereafter. 


2 Size No’s. 1, 2 and 3 refer to different grades commonly 
used by pickel packers in buying cucumbers. Size No. | ranges 
up to 1% inches, size No. 2 up to 15% inches and size No. 3 up 
to 2 inches in diameter. 
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The fermented lots (FC 1, FC 2, and FC 3) were 
prined in 5-gallon crocks. Nine kilograms of each size 
cucumbers were weighed, placed in separate crocks, 
and covered with 9 liters of 38° brine. Sufficient salt 
was added during the first 2 days after brining to make 
the salt concentration about equal to that of the non- 
fermented controls after equalization—about 27° 
salometer. The brine strength was increased about 2° 
salometer per week in the fermented lots. 

Sampling of these laboratory fermentations was 
carried cut as described by Costilow and Fabian 
(1953a). Brine was added as needed to maintain the 
original brine levels in the crocks, since approximately 
100 ml samples were taken each time for analysis and 
also to compensate for evaporation. 


Microbiological Assays for Vitamins and Amino Acids 

This study was concerned with the vitamins and 
amino acids available in cucumber brines for the growth 
of L. plantarum. Therefore, the brine samples were not 
treated to release the bound vitamins or hydrolyzed 
to free amino acids from protein material prior to 
running the microbiological assays. 

The brine samples were removed from the freezer 
and allowed to thaw in a refrigerator at about 4.5 C 
just prior to running the assays. The acid in measured 
portions of the brine samples from fermenting cucum- 
bers was neutralized with Nn NaOH and the samples 
made up to volume with distilled water to give either 
a 1:5 or 1:10 dilution as desired. This solution was 
stored in the refrigerator under toluene. Further 
dilutions were made at the time of the individual 
assays from this original as needed. 

The dehydrated assay media prepared by Difco 
Laboratories, Inc. were used to assay the samples for 
biotin, niacin and pantothenic acid. L. plantarum 
l7-5 was used as the test organism. The techniques 
employed in the assays were essentially the same as 
those recommended by The Association of Vitamin 
Chemists (1951). 

Assays for leucine, isoleucine, valine, and glutamic 
acid were run as outlined by Sauberlich and Baumann 
(1946) using Medium I and L. plantarum 17-5 as the 
test organism. Difco’s Tryptophane Assay Medium was 
used for the assays with L. plantarwm 17-5. The 
method of Lyman et al., (1946) as modified by Sarkar 
et al., (1950) was used for the determination of cystine. 
Streptococcus equinus P-60 (Leuconostoc mesenteroides) 
was the test organism used in this determination. 


RESULTS AND DISCUSSION 


Study of Cucumber Fermentations Under Commercial 
Conditions 


Vilamin studies. The general trend of the concen- 
trations of biotin, niacin and pantothenic acid in all 
six fermentations studied were similar. The results of 


two representative fermentations are given in figure 
1. These vitamin diffused from the cucumbers rapidly 
and reached their maximum concentrations in the 
brine in from 5 to 10 days. There was no great change 
in their concentrations in the brine after that time 
even when samples taken 64 days after salting were 
tested. Diffusion rates from smaller cucumbers were 
noticeably more rapid than from the larger sizes. 
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Fic. 1. Niacin, pantothenic acid and biotin concentrations 
in the brines of two commercial cucumber fermentations. 


There was a significant difference in the concentra- 
tions of the three vitamins in the brines from tanks 
with the small size cucumbers (size No. 1) as compared 
to those with the larger sizes (Nos. 2 and 3). The 
most striking difference may be noted in the biotin 
levels. The biotin concentrations in the brines from 
tanks filled with No. 1 cucumbers are from 2 to 4 
times as high as those in brines covering the larger 
cucumbers. However, it should be noted that in all 
instances the vitamin levels at one day after brining 
were well above those required by L. plantarum for 
rapid acid production in the assay medium. 

No obvious correlation existed between the vitamin 
levels in the brines and the microbiological activity. 
However, a slight decline in vitamin content which 
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was observed in brines after the first 10 to 19 days of 
fermentation occurred at the same time that the yeast 
activity was greatest. 


Amino Acids in Commercial Fermentations 


Microbiological assays were run on the brine samples 
for all of the vitamins and amino acids, except threo- 
nine, which were found to be essential for L. plantarum 
isolates from cucumber fermentations (Costilow and 





4g leucine per mi. 
S5a68 85 $ 
98 o 30 8 
J 
Q 
x 
~~ 

Q 
\ 
\ 
‘\ 


a 
o 
T 

‘ 
©. 





o 
5 
5 
S 





: 


m 
Ld 
° 
o 
T 








per 
a 
° 

7 


x) 
° 


~e—e Tank |4 Size No.! Cucumbers 


4g isoleucine 
@ 
° 

















40 -0--e Tank 33 Sizes Nos.2 and 3 Cucumbers 
re) i l 1 1 
240+ 
§ 200+ 
& 
a 160Fr a ° 
+) --o~ 
Ss 120 wf er 
: rae 
- 80+ - 
om eS 
40 ‘S 
Al L 2 rt 1 1 
ie) 5 10 15 20 25 
TIME IN DAYS 


Fic. 2. Leucine, isoleucine and valine concentrations in the 
brines of two commercial cucumber fermentations. 


Fabian, 1953a). Threonine was not included since the 
work of Lyman et al., (1947) and Stokes and Gunness 
(1943) definitely established that L. plantarum 17-5 
did not require threonine in certain media. 

The concentrations in two representative fermenta- 
tions of the six amino acids studied are shown in 
figures 2 and 3. In general, the maximum concentra- 
tions of all the amino acids were reached more slowly 
than those of the vitamins; 10 to 19 days being re- 
quired for the amino acids as compared to 5 to 10 
days for the vitamins. This was probably due to the 
relatively low solubility in brine of protein material 
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and of the amino acids themselves as compared 0 the 
three vitamins. F 

The results of the study of the levels of | ucine, 
isoleucine, and valine were quite comparable or 4] 
six fermentations, as is well illustrated in figure 2. 
Like the vitamins, the brines from the tanks coni ining 
the smaller cucumbers were in practically all instances 
richer in leucine, isoleucine, and valine throughout 
the fermentation period studied. 
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Fic. 3. Tryptophane, glutamic acid, and cystine concentra- 
tions in the brines of two commercial cucumber fermentations 


The concentrations of isoleucine in two tanks and 
of valine in one tank were still relatively low one day 
after brining, less than 5.0 ug per ml. However, since 
5.0 wg per ml of the t-form of these two amino acids 
and 10 wg per ml of L-leucine were sufficient for rapid 
acid production by L. plantarum in the assay media, 
these three amino acids did not appear to be limiting. 

No influence of the size of the cucumbers on the 
concentration of tryptophane in the brines was evi 
dent since the same levels were approached in all six 
fermentations. However, in two fermentations, one 
of which is illustrated in figure 3, great reductions i 
the tryptophane content occurred during the fermenta- 
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tion. Some reduction in the levels of this amino acid 
qlso occurred at about the same time in three other 
fermentations. Since the reduction in tryptophane 
occurred at the period when yeast activity was greatest 
in these brines, it is indicated that these microor- 
ganisms may either utilize or destroy large quantities 
of this amino acid. 

Considerable variation was noted in the concentra- 
tions of glutamic acid present in the brines of the six 
different fermentations. For example, considerable 
reduction in the glutamic acid content of brines from 
three tanks were noted 10 to 19 days after the beginning 
of the fermentations, but similar reductions were not 
observed in the brines of the other three tanks. Also, 
there were large differences in the maximum concen- 
trations of this amino acid attained in the various 
tanks. 

From the standpoint of the levels of the various 
amino acids required for rapid acid formation by L. 
plantarum, the study of the cystine content of these 
brines was of the greatest interest. Thus, while 4 to 7 
ug per ml of L-cystine was found to be required for 
optimum acid production, in 3 of the fermentations 
studied the concentration of this amino acid was 
below 5.0 wg per ml three days after brining. The 
cystine content of these brines was still relatively low 
at 19 days. However, the levels of cystine in these 
three fermentations approached those of the other 
three as the fermentation proceeded. No relationship 
was evident between cucumber size and the cystine 
content of the brine. 


Essential Vitamins and Amino Acids for L. plantarum 
in Laboratory Fermentations and Nonjermented 
Control Brines 


It is important for the acid fermentation of cucum- 
bers to be initiated very soon after brining. This 
decreases the possibility of undesirable groups of 
organisms utilizing a large quantity of the available 
sugar, resulting in low final acidity. Therefore, it is 
quite important that the nutrients essential for L. 
plantarum become available in the brine rapidly. 
This study was concerned with the rate of diffusion 
into the brine of these essential nutrients from cucum- 
bers of various sizes in carefully controlled laboratory 
experiments. 

tosen and Fabian (1953) have shown that yeasts 
and coliform organisms may influence the concentra- 
tions of some vitamins in brine during the fermenta- 
tion of cucumbers. It is also reasonable that the amino 
acids may be siniilarly influenced. Therefore, two lots 
of each size of cucumbers were brined as described 
earlier; one lot was allowed to ferment while the fer- 
mentation of the other lot was inhibited by the use of 
preservatives. By comparison of these fermented and 
honfermented lots, it was possible to note any marked 


effect of the brine organisms on the content of these 
essential nutrients during the fermentations. 

Vitamins in nonfermented controls and in laboratory 
fermentations. In general the results of the vitamin 
study on the laboratory fermentations and the non- 
fermental control brines were similar. Therefore, only 
the concentrations of the 3 vitamins in the 3 nonfer- 
mented control lots (C1, C2, and C3) are shown in 
figure 4. 
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Fic. 4. Comparison of the rates of diffusion and the maxi- 
mum concentrations attained of niacin, pantothenic acid and 
biotin from three different sizes of cucumbers in nonfermented 
brines. 


The differences in the vitamin levels which were 
noted in the commercial brines from tanks with differ- 
ent sizes of cucumbers were even more pronounced in 
these experiments. Thus, the brines covering the No. 1 
cucumbers had the greatest and those on the No. 3 
the least concentration of vitamins. As in the study of 
the commercial brines, the largest differences were 
noted in the biotin levels. Lot C2 brine contained only 
about one-half the amount of biotin that was found in 
C1 brine, and C3 only about one-fourth that of the C1 
brine. 
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The maximum concentrations of all the vitamins 
studied were in most instances attained in from 5 to 
7 days after brining. The lots with the larger sizes 
required a longer time than those with smaller sizes 
of cucumbers. This would be expected due to the ratio 
of the surface area to volume in the different sizes. 

The ratio of cucumbers to brine in the fermented 
lots was 1:1 while that in the nonfermented lots was 
1:1.8. Therefore, the nutrients in the brine would be 
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Fic. 5. Comparison of the rates of diffusion and the maxi- 
mum concentrations attained of leucine, isoleucine and valine 
from three different sizes of cucumbers in nonfermented brines. 


expected to be more concentrated in fermented brines 
than in the nonfermented unless these nutrients were 
utilized or destroyed by the brine organisms or the 
products of their metabolism. The relative concentra- 
tions of niacin and pantothenic acid in the two groups 
were about what might be predicted from the cucumber- 
brine ratios. However, the biotin content of two of the 
fermented brines FC 1 and FC 2 was apparently 
influenced by some other factors, particularly during 
the first day. The biotin level in the FC 1 lot was only 
about one-fourth that of the C 1 lot and in the FC 2 
lot only slightly over one-half that of the C 2 lot after 


one day. The biotin content of the FC 3 lot was siightly 
lower than that in C 3 for 12 hours, but was higher 
than that in the C 3 at one day. However, two days 
after brining the biotin levels in all three fermenting 
brines were significantly higher than in the ionfer. 
menting. 

The principal differences observed in the micro. 
biological activity in the three laboratory fermenta. 
tions during the first day were in the yeast and coliform 
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Fic. 6. Comparison of the rates of diffusion and the masi- 
mum concentrations attained of tryptophane, glutamic acid 
and cystine from three different sizes of cucumbers in nonfer- 
mented brines. 


populations. The populations of these two groups oi 
organisms were noted to be much higher over this 
period in the FC 1 and FC 2 brines than in that from 
the FC 3 lot. Both groups were observed to decrease 
in numbers in the FC 1 and FC 2 brines after one day. 
According to the work of Rosen and Fabian (1953) 
and Costilow and Fabian (1953b), either one or both 
of these groups of brine organisms may utilize biotit 
and, thus, might be responsible for the relatively low 


levels noted in the FC 1 and FC 2 brines during the 


first day after brining. 
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Amino acids in nonfermenting and fermenting control 
brines. Since there were only a few instances where the 
results obtained with the fermented brines were noted 
to be very dissimilar to those of the nonfermented 
brines, only the concentrations of the amino acids in 
the latter lots are presented in figures 5 and 6. 

A definite relationship was evident between the 
size of the cucumbers and the concentration of all 
six of the amino acids in the brines. Thus, fermentations 
of small sized cucumbers would have a higher potential 
of both the vitamins and amino acids which are es- 
sential for L. plantarum than would those of large sized 
cucumbers. 

The time required for the brines to attain the maxi- 
mum concentrations of the amino acids was much 
longer than it was with the vitamins. Fifteen to twenty- 
nine days were required for the amino acid levels to 
reach their maximum. The cystine content of the 
brines of all 6 lots was noted to continue to show a 
significant increase at 29 days. 

The concentrations of leucine, isoleucine, valine, 
glutamic acid, and cystine, observed in the three 
fermented brines as compared to those in similar lots 
of the nonfermented brines, showed no evident. in- 
fluence of the fermentation on their concentration 
except during the first 12 to 24 hours. After that time, 
the concentrations of these five amino acids in the 
fermenting brines were higher in every instance than 
in the comparable lots of nonfermenting brines. How- 
ever, prior to the 12 to 24 hour period just the opposite 
relationship was observed in these brines. This is the 
same type of relationship observed in the biotin con- 
entrations of these brines. 

The tryptophane content of the brines was markedly 
influenced by the fermentation. For the first few days 
the tryptophane levels in the fermenting brines was 
comparable to those of the nonfermenting brines. 
However, a marked reduction in the concentration of 
this amino acid was noted at 5 days in lot FC 3, at 
7 days in FC 1, and at 15 days in FC 2. 

On comparison of the microbiological activity in 
these brines with the tryptophane levels, it was noted 
that yeasts were very active in all three lots at the 
same period of time that the reduction in tryptophane 
occurred. The trends of yeast populations are compared 
to the tryptophane levels in the brines in figure 7. 
In the FC 1 lot, the tryptophane level dropped at two 
different times and, in both instances, the yeast ac- 
tivity was noted to increase. Increases in yeast num- 
bers were noted in both FC 2 and FC 3 lots prior to a 
decrease in tryptophane, but this occurred within the 
first 7 days after brining, when the concentrations of 
the amino acids in the nonfermented control brines 
Were still increasing. This indicates that the yeasts 
Were quite active in the destruction of tryptophane 
in these three laboratory fermentations. 
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The coliform organisms had completely disappeared 
from these fermentations by the fifth day and the peak 
of the acid-forming bacteria populations had been 
passed in both the FC 1 and FC 2 lots before any 
reduction in tryptophane was noted. Therefore, these 
organisms probably did not contribute greatly to the 
destruction of tryptophane. 

The results of this study indicate that sufficient 
vitamins and amino acids are present in cucumber 
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Fic. 7. Comparison of tryptophane concentrations and 
yeast activity in three laboratory fermentations. 


brines for the growth of L. plantarum. However, 
fermentations in which much yeast and coliform 
activity was initiated in the first few days might result 
in quite low concentrations of tryptophane and cystine. 
Thus, it was demonstrated that marked reductions 
occurred consistently in the tryptophane levels of the 
brine when yeast activity was greatest, and Costilow 
and Fabian (1953b) have observed similar reductions 
when pure cultures of the predominating yeasts were 
grown in sterile brine. If such activity occurred within 
the first few days of fermentation, as demonstrated in 
some instances by Etchells et al., (1945), this amino 
acid might be reduced to a critical level for the growth 
of L. plantarum. Also, great activity of coliform or- 
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ganisms in cucumber fermentations could possibly 
result in critical concentrations of cystine. These 
bacteria were shown to reduce greatly the concentra- 
tion of cystine in brine when grown in pure culture 
(Costilow and Fabian, 1953b). While very little ac- 
tivity of the coliforms was noted in any of the fermenta- 
tions described by Costilow and Fabian, (1953a), Et- 
chells et al., (1945) and Rosen and Fabian (1953) have 
observed them to be quite active in some instances. 
Although the other essential amino acids were affected 
by one or more groups of brine microorganisms, their 
concentrations in the brine were relatively high in 
comparison with tryptophane and cystine and, thus, 
these amino acids would not be expected to become 
limiting for L. plantarum. 
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SUMMARY 


A study has been made of cucumber fermentations 
under both commercial and laboratory conditions as 
to the availability of the vitamins and amino acids 
required by L. plantarum. 

Biotin, niacin and pantothenic acid became available 
in cucumber brines very rapidly, reached their maxi- 
mum concentrations in from 5 to 10 days and the levels 
remained relatively constant thereafter. The amino 
acids studied (leucine, isoleucine, valine, tryptophane, 
glutamic acid and cystine) were considerably slower 
in reaching their maximum concentrations in the brines 
than were the vitamins. However, in most fermenta- 
tions they were present in sufficient concentrations 
within 24 hours to support the growth of L. plantarum. 

The available concentration of these essential 
nutrients for L. plantarum was influenced by the size 
of the cucumbers. Brines containing smaller cucumbers 
were richer in the essential nutrients than were the 
brines containing the larger sizes. In addition, the 
rate of diffusion from the cucumbers into the brine 
was faster with the smaller than with the larger size 
cucumbers. 


Tryptophane was the only nutrient studied — hich 
was consistently affected by the fermentation io a 
marked degree. The level of this amino aci: was 
markedly reduced in the brines at the same ° oriod 
when the yeast activity was greatest. 
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A study of the availability of the vitamins and amino 
acids essential for Lactobacillus plantarum in cucumber 
fermentations (Costilow and Fabian, 1953b) indicated 
that the concentrations of some of these nutrients 
were influenced by the microflora present. Therefore, 
a survey was made of two species of bacteria and four 
yeast species that have been found to be most active 
in cucumber fermentations (L. plantarum, a coliform 
organism, Torulopsis holmii, Torulaspora rosei, Torulop- 
sis caroliniana, and Hansenula subpelliculosa) as to 
their effect on the concentrations of these nutrients in 
brine. 


MATERIALS AND METHODS 


The brine used for testing the effect of the various 
microorganisms was nonfermented cucumber brine. 
The preparation of this brine was described previously 
(Costilow and Fabian, 1953b). Test flasks were prepared 
by filtering the brine through cheese cloth to remove 
dirt particles, dispensing it in 500 ml flasks, 250 ml 
per flask, and sterilizing the flasks at 15 pounds pres- 
sure (121 C) for 20 minutes. 

The bacteria and yeast cultures used in the tests 
were all isolated from the commercial cucumber fer- 
mentations studied by Costilow and Fabian (1953a), 
except Torulopsis caroliniana. This culture was origi- 
nally isolated by Etchells and Bell from cucumber 
fermentations and was supplied to this laboratory by 
the Northern 
Illinois. 


tegional Research Laboratory, Peoria, 


The cultures to be tested were grown in micro- 
inoculum broth (Difco) for 
and the cells resuspended in 


24 hours, centrifuged, 
5 ml of sterile isotonic 
saline. One drop of this suspension was used to inoculate 
a flask of brine. Each organism was inoculated into 
one flask of the sterile brine. One flask was not inocu- 
lated and served as a control. 

After five days’ incubation at 30 C, heavy growth 
was noted in all of the inoculated flasks as evidenced 
by turbidity and/or sediment. Since several days were 
required to run all of the microbiological assays, the 
flasks of brine were autoclaved at 15 pounds pressure 
for 10 minutes to prevent further activity. 


1 Tournal Article No. 1538. 
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Microbiological assays for the vitamins—niacin, 
biotin, and pantothenic acid, and for the amino acids— 
leucine, isoleucine, valine, tryptophane, glutamic acid 
and cystine were run by the same methods used by 
Costilow and Fabian (1953b). 
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Fic. 1. The effect of various microorganisms on the available 
niacin, pantothenic acid and biotin content of cucumber brine. 


RESULTS AND DiscussIoN 

The effects of the various microorganisms on the 
vitamins studied are shown in figure 1. It is readily 
apparent that the bacteria and yeasts tested had little 
or no effect on the niacin content of the brine. The 
niacin concentrations of the various inoculated lots of 
brine varied less than 5 per cent from that of the un- 
inoculated control. However, L. plantarum produced a 
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significant reduction in both the pantothenic acid and 
biotin content of the brine. The coliform organism and 
the four yeasts failed to lower the pantothenic acid 
level, but all of these organisms except Hansenula 
subpelliculosa reduced the biotin content by consider- 
ably more than 10 per cent. A synthesis of pantothenic 
acid was indicated in the brines inoculated with 
Hansenula subpelliculosa and Torulaspora roset. 
These results were in general agreement with the 
studies made by Rosen and Fabian (1953) on the 
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Fig. 2. The effect of various microorganisms on the available 
leucine, isoleucine and valine content of cucumber brine. 


effect of these microorganisms on the niacin, panto- 
thenic acid, and biotin content of cucumber juice. 
However, a much greater reduction in the biotin 
content of the brine used in these experiments was 
noted with L. plantarum than in the diluted cucumber 
juice as tested by Rosen and Fabian. The extent of 
growth and acid production in the two different media 
as well as the difference in the strains tested are variable 
factors which may account for this significant difference 
in biotin utilization by L. plantarum. 

The results of this experiment were quite similar 
with regard to the influence of the various microor- 
ganisms on the leucine, isoleucine, valine and trypto- 
phane content of the cucumber brine (figures 2 and 3). 
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Thus, L. plantarum and the four yeasts tested were 
noted to lower the levels of all these amino cids, 
although the decreases in valine and tryptophane 
contents due to Hansenula subpelliculosa wer too 
small to be significant. The coliform isolate failed to 
affect the concentrations of these four amino acids to 
a significant extent. 

In the case of glutamic acid, about the opposite 
relationship was noted. The coliform isolate lowered 
the glutamic acid content by more than 50 per cent, 
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Fic. 3. The effect of various microorganisms on the available 
tryptophane, glutamic acid and cystine content of cucumber 
brine. 


while the yeasts failed to decrease the level significantly. 
In fact, the growth of Torulaspora rosei and Hansenula 
subpelliculosa resulted in an increase in the available 
glutamic acid. Only a slight decrease due to L. plar- 
tarum was noted. 

The concentrations of all of the amino acids except 
cystine in the uninoculated control lots of brine were 
approximately what were expected on the basis of the 


assays made on the nonfermented brine samples before 
sterilization. The cystine content, however, was col- 
siderably lower. The only plausible explanation for this 
was that much of the cystine was destroyed or rendered 
unavailable for Streptococcus equinus P-60 (Leucono- 
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soc mesenteroides) by the sterilizing process. Similar 
observations have been made by Riesen et al., (1947) 
and Sarkar et al., (1950) on the cystine content of 
basal media. The former workers demonstrated that the 
effect of sterilization reduced the availability of cystine 
to S. equinus (L. mesenteroides) about 40 per cent but 
did not affect its availability to Lactobacillus casez. 
Sarkar et al., (1950) noted that the loss in test material 
was proportional to that in the standard and, thus, 
did not result in inaccuracies in cystine assays. 

To ascertain that the differences in cystine concen- 
trations noted in the various inoculated lots of brine 
were not the result of the sterilization process, the 
experiment was repeated for this amino acid. The brine 
used in this experiment was also from the nonfermented 
control lots. It was filtered through cheese cloth and 
dispensed in 16 mm tubes, 10 ml per tube. One tube 
was saved as an unheated control and kept under 
toluene in the refrigerator. The other tubes were 
sterilized at 15 pounds pressure for 10 minutes, cooled, 
and inoculated with the various microorganisms. The 
preparation of the inoculum and the inoculations were 
carried out in the same manner as in the foregoing 
experiment except that the initial cell suspension was 
diluted 1-25 before making the drop inoculations. 
After five days’ incubation at 30 C, microbiological 
assays for cystine were made immediately to prevent 
the necessity of resterilization. 

On comparing the heated with the unheated controls, 
it was evident that the sterilizing process markedly 
reduced the available cystine content of the brine. 
The heated control contained 6.61 ug per ml and the 
unheated sample 11.93 ug per ml of cystine. However, 
the results obtained on the influence of the various 
isolates on the cystine content were quite consistent 
in both trials. Thus, it was believed that the reduction 
in cystine was incidental to this experiment. 

The average values for the two trials with cystine 
are shown in figure 3. Both L. plantarum and the coli- 
form isolate reduced the available cystine content of 
the brine markedly, by about 30 per cent and 50 per 
cent respectively. The growth of Torulopsis holmii 
resulted in an increase in the available cystine, while 
the other three yeasts failed to influence the concentra- 
tion of this amino acid to a significant extent. 

It should be pointed out that the utilization of cys- 
tine by the coliform group could be quite important 
in cucumber fermentations. This group of organisms 
have been noted to be active in some fermentations 


the first few days after brining and it was at this period 
that the cystine concentrations in a few of the ferment- 
ing brines studied were noted to be relatively low. 


SUMMARY 


The effects of Lactobacillus plantarum, a coliform 
isolate, Torulopsis holmii, Torulaspora rosei, Torulopsis 
caroliniana, and Hansenula subpelliculosa on the con- 
centrations in cucumber brine of three vitamins and 
six amino acids have been observed. 

The niacin content of the brine was not measurably 
affected by any of the six microorganisms tested. L. 
plantarum was the only organism which reduced the 
pantothenic acid content, but biotin levels were 
lowered by both of the bacterial cultures and all four 
yeasts. 

Growth of the yeasts and of L. plantarum resulted 
in decreases of varying degrees in leucine, isoleucine, 
valine, and tryptophane concentrations, while the 
coliform isolate had no measurable effect. Conversely, 
the coliform organism greatly lowered the concentra- 
tions of glutamic acid and cystine, while the yeasts 
had no effect or resulted in an increase in the levels of 
these two amino acids. L. plantarum had little effect 
on glutamic acid concentrations but lowered the cystine 
content of the brine considerably. 

Synthesis of pantothenic acid and glutamic acid by 
Torulaspora rosei and Hansenula subpelliculosa were 
indicated, and increases in cystine content were noted 
with Torulopsis holmii and Torulopsis caroliniana. 
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The phytoflagellate Prymnesium parvum has been 
reported in Europe (Otterstroem ef al., 1939, Liebert 
et al., 1920), where it occurs sporadically and causes 
mass mortality among fishes. In 1947 Prymnesium 
parvum first appeared in Israel fish ponds, rapidly 
spreading through regions where water was brackish. 
Since then it has caused extensive damage to the fish 
breeding industry and is now the most serious natural 
obstacle to fish breeding in Israel. Prymnesium kills 
fish by means of an extracellular protein-like toxin. 
The control of Prymnesium parvum can be based upon 
methods which destroy the organism, or upon methods 
which destroy only the toxin (Shilo and Aschner, 1953; 
Shilo et al., 1953). 

After the first appearance of Prymnesium parvum 
in Israel it was found by Reich and Aschner (1947) 
that ammonium sulphate exerted a lytic effect on 
Prymnesium parvum. Low concentrations of the sub- 
stance lysed Prymnesium parvum. Its effect on other 
forms of life present in the fish ponds was negligible; 
in addition, the relatively low cost, high solubility, ease 
of dispersion and concomitant fertilizer effect of am- 
monium sulphate made it a most desirable means of 
controlling Prymnesium. Although the killing effect 
of ammonium sulphate was found to be of short dura- 
tion, constant vigilance entailing immediate applica- 
tion of ammonium sulphate upon appearance of 
Prymnesium in ponds has enabled fish breeding to be 
continued in the infected regions comprising over one- 
fourth of the country’s total fish-breeding area. 

Of late, it has been observed repeatedly that am- 
monium sulphate may in some cases prove ineffective 
as a control measure, even when used in 8-fold, the 
usual concentration. Failure of control by ammonium 
sulphate has occurred largely in a particular region 
(Beisan Valley) and has been found to be especially 
marked in winter. In order to determine the factors 
governing the lytic action and the most effective use 
of ammonium sulphate, a program of investigation, 
both in the laboratory and in the field, was instituted. 

The first step was to determine whether the in- 
effectiveness of ammonium sulphate was connected 
with the random appearance of sensitive strains of the 
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phytoflagellate, or with a natural selection of a re- 
sistant mutant in the course of the years of continued 
use of ammonium sulphate. Strains of Prymnesium 
were collected from scores of ponds where resistance to 
ammonium sulphate was observed, and these cultures 
were tested in the laboratory for sensitivity to am- 
monium sulphate. All of the strains, when tested under 
controlled conditions of temperature, pH, and illumina- 
tion, were found to be equally and highly sensitive to 
ammonium sulphate. From the foregoing, the explana- 
tion of reduced effectiveness of ammonium sulphate by 
development of resistant strains appeared unlikely and 
it became evident that external conditions must play 
a major role in the lytic action of the ammonium salt 
on the microorganisms. Hence, it was decided to de- 
termine the relative importance of these various condi- 
tions for ammonium sulphate activity. 


Investigation of the temperature dependence 
activity of ammonium sulphate 


of lytic 


In the range 2 to 30C the lytic activity of am- 
monium sulphate was found to be a function of temper- 
ature; the activity increased as temperature increased. 
In addition, lysis was completed more rapidly at higher 
temperatures. Experimental data illustrating this effect 
are presented in figure 1. The decreased activity of 
ammonium sulphate observed in ponds during the 
winter season when water temperatures are usually 
below 10C may be accounted for, in part, by this 
effect. 


Investigation of the pH dependence of the lytic activity 
of ammonium sulphate 


In the range pH 6.5 to pH 9.5 (representing the 
range which is found in local fish ponds and one which 
is not intrinsically harmful to Prymnesium) the lytic 
activity of ammonium sulphate was found to be a fune- 
tion of pH; the activity increased as pH increased. 
The results of a typical experiment are plotted in 
figure 1. This effect will be discussed in detail elsewhere. 
The findings are consistent with the interpretation 
that free ammonia and not the ammonium ion is the 
agent responsible for lysis. It is of interest to point out 
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that a similar correlation has previously been noted in 
relation to effect of pH on the toxicity of ammonium 
sulphate to fish (Wuhrmann et al., 1947, 1948) and that 
a similar explanation of the phenomenon has been ad- 
vanced in that connection. 


Investigation of daily fluctuations of pH in ponds in 
different regions 


In order to determine whether the pH dependence of 
the activity of ammonium sulphate was a factor opera- 
tive under natural conditions, measurements of the 
pH of ponds in different regions were undertaken. pH 
readings made at various times throughout the day 
in ponds located in different regions are graphically 
presented in figure 2. Examination of the data shows 
a well-defined diurnal rhythm of pH with the maximum 





It was predicted from the pH-activity and pH-time 
curves (figure 2) that control by ammonium sulphate 
would be most effective when the ammonium sulphate 
is added a few hours before a pH peak. The validity 
of this prediction has now been confirmed by field 
trials. 


Persistence of ammonia-nitrogen in the ponds 

Since a number of periodically changing factors had 
been found to influence the lytic activity of ammonium 
sulphate, the time of persistence of ammonia-nitrogen 
in the ponds was investigated. A number of typical 
experiments are given in figure 3. It may be seen that 
the concentration of ammonia-nitrogen decreases very 
rapidly after ammonium sulphate is added and falls to 
one half the maximum value in approximately 24 hours. 
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Fic. 1. Lytic activity of ammonium sulphate on Prymnesium under different conditions of pH and temperature. The minimum 
lytic concentration of ammonium sulphate in mg % is plotted as a function of time. Each group of curves gives data for an experi- 
ment at a different temperature. The full line gives results of experiments at pH 8.8, the dashed line at pH 7.7, and the dotted line 
it pH 7.2. Ten per cent of a M/5 phosphate buffer was used to adjust the pH. 


at noon and minimum at dawn. This periodicity is most 
probably due to heightened photosynthetic activity of 
phytoplankton during hours of sunlight (Cerni, 1948). 
This conclusion is substantiated by the observation 
that newly-filled ponds poor in plankton show markedly 
reduced pH fluctutation. Data for such ponds are in- 
cluded in figure 2. A comparison of pH curves of ponds 
in Kin. Hamifratz (Zebulun Valley) with pH curves 
of ponds in Messiloth or Tel Amal (Beisan Valley) 
shows that there is a difference in the heights of the pH 
peaks, the latter being appreciably higher in the 
Zebulun Valley. These differences are undoubtedly due 
to qualitative differences in soil composition. The higher 
lytic activity of ammonium sulphate in the Zebulun 
Valley over that found in the Beisan Valley is in good 
accordance with the higher pH levels found in the 
former region. In addition to the marked difference of 
pH in ponds of different regions there are even pH 
differences between individual ponds of the same region. 
Hence the pH of any particular pond is an important 
index of the suitability of ammonium sulphate as a 
Prymnesium control measure for that pond. 


Enhancement of the lytic effect of ammonium sulphate 
by unslaked lime 


As was shown previously, the lytic activity of am- 
monium sulphate is greater at elevated pH values. In 
an attempt to utilize this property to increase the ef- 
fectivity of ammonium sulphate in the ponds, the ap- 
plication of ammonium sulphate was supplemented 
with powdered, unslaked lime. Laboratory tests showed 
that the concentration of ammonium sulphate neces- 
sary for complete lysis could be reduced at least 3-fold 
by the addition of 2.5 mg. per cent of calcium oxide. 
Field conditions were simulated on a moderate scale 
by partially embedding rectangular bottomless sheet- 
iron frames in the bottom soil of the pond, thus forming 
an enclosure in which tests of the different treatments 
could be performed. A typical experiment is sum- 
marized in table 1. It can be seen from the data that 
the calcium oxide markedly enhanced the effectivity 
of ammonium sulphate. 

The partitioning of a small area of an ordinary fish 
pond into test cells by embedding bottomless containers 
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Fic. 2. Daily variations of pH in fish ponds in different 
regions. The values represent readings of the pH of water 
samples taken at 10 em below the surface from a constant 
selected point in the pond. Measurements were made with a 
Beckman model 2 H pH meter no more than 10 minutes after 
collection of samples. All measurements were made during the 
month of August. 

Each curve of the lower three groups of curves is a plot of 
pH variations with time in a different pond. Curves for ponds 
which had been filled a short time before testing and which 
were therefore especially low in phytoplankton are indicated 
by an arrow (|). The average diurnal temperature variation 
of the top layer of water in the ponds tested is plotted at the 
top of the figure. 


into the pond soil may be of more general interest as 
providing a means of performing a parallel series of 
controlled field experiments conveniently on a moderate 
scale. Test compartments of this type duplicate the 


conditions of the original pond and preserve t':e bio. 
logical equilibrium between water and pond |ottom, 
Their convenient size permits great ease of maiipula- 
tion and observation. 
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Fic. 3. Persistence of ammonia in pond water after addition 
of ammonium sulphate to fish ponds. Ammonia was determined 
as described in the Standard Methods for the Examination of 
Water and Sewage (1936). Results are expressed as milligrams 
of ammonia-nitrogen per liter. Ponds to which 15 to % 
kg/dunam (Webster, déniim—.22 acre) of ammonium sulphate 
had been added were analyzed. (Ammonium sulphate was added 
between 12°° and 15°° on the first day.) Each curve gives values 
for a separate pond. Values are averages of two samples taken 
from different parts of the pond. The data given are from the 
ponds of Nir David and Messiloth. 


TABLE 1. Effect of unslaked lime on lytic activity of ammonium 
sulphate on Prymnesium 
Prymnesium/mm?* 


HOURS AFTER 
TREATMENT 


pH HOURS AFTER 
TREATMENT 


TREATMENT 2/100 | 
EXPERIMENT 
NO. 


(NH4)2SOg CaO 


| 
| 


0 0 : a 

10 25 y ; 9.1 | 8.6 

15 25 ; 9.1 | 8.8 

20 25 ° 9.0 87 
0 : 3.1 8.1 

15 0 : 8 | 7.7 

0 ‘ : .2 | 8.4 


| 
rere 
| 





— 


a 0 8.7 | 8.9 | 8.8 
2a 25 30 40 | 9.5 | 9.2 | 9.3 
3a 50 20 10 | 9.7 | 9.6 | 9.4 


The experiments were conducted in bottomless enclosures 
located side by side in the same pond. Prymnesia were counted 
in a blood-counting chamber. 

The pH of water, collected at a depth of 10 em from the 
surface, was measured with a Beckman 2 H pH meter within 
10 minutes after collection. 
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SUMMARY 


Lytic activity of ammonium sulphate on Prymnesium 
vas found to vary with temperature, being higher at 
elevated temperatures. The lower activity of am- 
monium sulphate in fish ponds during the winter may 
be due to this fact. 

Lytic activity of ammonium sulphate on Prymnesium 
varies with pH, activity being greater at higher pH. 

The close correlation between the pH dependence of 
the lytic activity of ammonium sulphate and the in- 
creased concentration of free ammonia of high pH 
values, due to dissociation of the ammonium sulphate, 
strongly suggests that free ammonia is the active lytic 
agent. 

The pH of fish ponds has been found to vary rhythmi- 
cally during the course of the day, the degree of varia- 
tion differing in different regions. This provides a 
plausible‘ explanation for the regional localization of 
relative inactivity of ammonium sulfate. 

The efficiency of ammonium sulphate can be im- 
proved by adding it to the ponds during the daily pH 
rise. Supplementing the application of ammonium 
sulphate with unslaked lime further increases the pH 
and enhances the lytic effect on Prymnesium parvum. 
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